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and their associated Varieties
on a projective Variety.”
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In spite of their importance, little is known on algebraic families
of positive cycles on a projective Variety, except for the fundamental
results of Chow-v.d. Waerden on associated-forms of positive cycles.?
In the case of a Curve, a maximal algebraic family of divisors of a given
degree form a complete family. But in the case of higher dimensions
than 1, the situation is slightly different. A maximal algebraic family
of positive divisors of a given degree on a non-singular surface is not
determined uniquely in general, and there is a finite number of maximal
algebraic families of the given degree, the divisors of which are mutually
algebraically equivalent. A non-special linear system of a Curve be-
longs to the complete algebraic family such that every divisor of the
family determines the complete linear system of the same dimension,
which is totally contained in the algebraic family. Now the question
is, whether there exists always such a complete algebraic family on
algebraic Vavieties of higher dimensions, or more precisely, how one
can obtain such a complete algebraic family from the given maximal
algebraic family?”> We shall show that such a family can be obtained
always, by adding to the given algebraic family sufficiently large multi-
ples of the hyperplane sections, when the ambient Variety is non-
singular (th. 2). Moreover, as we shall show, algebraic families thus
obtained generates the Picard Variety of the given Variety, i. e.,, when

1) We shall use the terminologies and conventions in A. Weil’s “ Foundations of
Algebraic Geometry ”, Amer. Math. Soc. Collog., vol. 29, 1946 and * Variétés Abéliennes
et Courbes Algébrique ”’, Act. Sc. et Ind., no. 1046.

Numbers and letters in brackets refer to Bibliography at the end of this paper.

2) Cf. [C-W7] and [C-2].

2/) Cf. G. Albanese, “ Intorno ad alcuni concetti e teoremi fondamentali sui sistemi
algebrici di curve d’una superficie algebrica.” Ann. Mat. pura appl. IIL s. vol. 24, 1915,
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g is the dimension of the Picard Variety, it consists of ¢ distinct
linear systems. This has a certain contact with the following Severi’s
theorem (translated in our terminology):

On a surface of irrvegularity q, every arithmetically effective Curves
belongs to a maximal algebraic family consisting of 9 distinct linear
systems. (cf. [Severi-1])

In order to prove th. 2, we shall show that, on a non-singular pro-
jective Variety, the notion of the virtual arithmetic genus of divisors
is invariant with respect to algebraic equivalence (th. 1) (cf. [Severi-2]).
In the remaining part of this paper, we shall discuss some properties
of associated-Varieties of algebraic families of divisors on a normal
projective Variety.

The writer wishes to express here his deepest appreciation to Pro-
fessors Y. Akizuki and J. Igusa for their interests taken in this work.?®

Let V7 be a normal Variety in a projective space defined over a
field k, which we fix as the basic field. All fields we shall consider
will be assumed to contain k. A lnear equivalence of divisors on V
is defined in the usual manner and is denote by~. Let X be a positive
V-divisor. Considering the coefficients of the associated-form of X as
a homogeneous coordinate of a Point in a projective space, we call it
the Chow-Point of X. Algebraic equivalerice of divisors are also defined
in the usual manner. When a positive integer is given, totalities of
Chow-Points of positive V-divisors of that degree distributes in a bunch
¥ in a certain projective space. (cf. [C-W]). Let U be a component of
%, and {X} be the totality of V-divisors whose Chow-Points are on
U. We shall say that { X} is a maximal algebraic family. Let U’ be
a Subvariety of U and {X'} the Subfamily of {X)} corresponding to
U'. We say that U’ is the associated-Variety of an algebraic family
{X'}. By the degree of {X’}, we mean the degree of a certain divisor
X" of {X'}. This notion is clearly independent of the choice of X'
When X and X’ belong to the same maximal algebraic family, X— X’
is said to be algebraically equivalent to zero and X and X’ are said to
be algebraically equivalent. Denote by G,(V) the group generated by
V-divisors which are algebraically equivalent to zero and G, (V) the

3) Prof. Igusa gave many valuabte advices to the writer reading the manuscript of
this paper, to whom the writer wishes to express his deepest thank.
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group generated by the V-divisors which are linearly equivalent to
zero. Assume that, whenever any divisor Y in G, (V) is given, there
are two divisors X and X’ in a maximal algebraic family {X} in such
a way that

Y~X-X".

Then we say that {X} is a maximal regular algebraic family. The
existence of such a family has been proved in [M-4]-th. 1. We say
that a maximal algebraic family {X} of positive V-divisors is complete,
when it holds /(X)=7(X’) for any two divisors X and X’ in {X).
When a maximal algebraic family of positive divisors { X} is complete,
then any algebraic family of positive V-divisors, the divisors of which
are algebraically equivalent to a divisor in {X}, must be a Subfamily
of {X}. That is, the totality of positive V-divisors which are alge-
braically equivalent to X is a Variety (absolutely irreducible) as a
totality of divisors (cf. th. 2). On a non-singular projective Curve, a
maximal algebraic family of positive divisors is complete when the
degree of it is sufficiently large by the theorem of Riemann-Roch. Let
U be the associated-Variety of an algebraic family of positive V-divisors
{X} and % a field of definition for U. Then we say that {X} is
defined over k or k is a field of definition of {X}. Let X be a divisor
in {X} such that its Chow-Point is a generic Point of U over k.
When that is so, X is said to be a generic divisor of {X} over k.

Denote by L, the linear system on ¥V induced by all the positive
divisors of degree s on the ambient projective space of V¥ and by C,
a special divisor in L;. A maximal algebraic family {X'} of positive
V.divisors is said to be ample when X—C,~ Y >0 for large but fixed
value of s, whenever X is in {X}. Let X be a positive V-divisor,
then we denote by | X| the complete lincar system determined by X.
We say that | X| is defined over a field £, when | X| contains a rational
divisor over k. When that is so, there is a rational divisor Z over k
on Lsx V (s=4(X)—1) such that | X| is the totality of V-divisors of
the form prv[(ux V). Z]=Z(u), which we show in some details in
no. 5, § |

Let U and W be two arbitrary Varicties and Z a Subvaricty of
U x W such that the projection of Z on U is regular. Following A. Weil
(cf. [W-2]-ch. I), we say that Z is the graph of the function g and
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when xxy is a Point of Z such that the projection of Z on U is
regular at x, we denote g(x)=y. When % is a common field of defini-
tion for U, W and Z, we say that g is defined over k. g is said to
be the function defined on U with values on W. Let § be a bunch
on Ux W. By proju%, we denote the “ geometric” projection of
on U.

§1.

1. Throughout this and the following 8§, we always assume that
V is non-singular.

LEMMA 1. Let X be a positive V-divisor. There is a positive
integer m, such that for every integer m—=>m,, | X+C,,| has no base
Point. The integer m, depends only on the degree of X.

ProofF. There is a positive integer such that
X~C;—Y, Y>-0.

We can find such an integer by the method of projecting Cones (cf.
[v.d. Waerden]) and the projecting cone of X has the same order as
X. Hence t=deg (X) in this case. Let Q be a Point on V. One can
choose Y in such a way that every component of it does not contain
Q. Again, applying the method of projective cones, one can find an
integer such that

Y~CS—Z, Z>O’

where Z may be assumed to contain no component containing Q. We
have also s=deg (Y )=deg (C},)—deg (X)=deg (V) -deg (X)—deg (X) by
the theorem of Bézout. It follows that

X+Cs~Ct+Z

and from what we have seen above, X+ C| is linearly equivalent to a
positive V-divisor not going through Q. Since Q was the preassigned
Point, this proves our lemma when we put m,=s, together with the
relation s=deg (V) -deg (X)—deg (X).

Now we shall prove the following lemma, which is trivial in the
classical case by the theorem of Bertini.
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LEMMA 2. Let X be a V-divisor such that | X—C,| exists and that
| X| has no base Point. Then a generic divisor of | X+ C,| is a non-
singular Variety. (cf. [Z-1] and [A])

Proor. Let K be an algebraically closed field of definition for V
and | X|, V a representative of ¥V and (x)=(x,, x1,---, *5) a generic point
of V over K. By our assumption, | X| contains partially C; and hence,
it cannot be composite with a pencil. This proves that a generic
divisor of | X| over K is a Variety by the generalized theorem of
Bertini (cf. [Z-2] and [M-1]). Therefore, there is a divisor X, in | X]|
which is a Variety defined over K.

Let ¢,=1, @,"-:, »,, be a base of the module L (X,), consisting of
functions, which are multiples of X;; we may assume that they are
all defined.over K (cf. [W-1], th. 10, ch. VIII). Put (#;)=X;—X, Then
by what we haye observed above, we may assume that X; is a Variety
and hence

(q)i)():Xi (¢i)°°:X0 i:]-, 2)”')m.

We can find a set of functions {@,.;, -, ®,} in L (X,) all defined over
K such that (@.,u.;)=X,,.; is a Variety, (@,,.:)6=Xmi» (Pm+i)e=X, and

that ’: Xi = Q.
i=0

Consider the linear system generated by the set of functions
{pir;}, 0<i<nm, 0<j<N (assume that x,=1) where =, is the func-
tion defined by x;=7;(x). We may consider that (@; v;)=(®;)o+ (7)o,
(Pi TH)e=(P;)t (7). as X; is a Variety and |X—C;| exists. Put
v;=®; (x) and denote by V’ the locus of (v; x,;) over K. V’ determines a
projective Variety V'’ defined over K such that V' is a representive of
V’. It is clear that V and V'’ are birationally equivalent over K by the
correspondence induced by (x) 2 (v; x;). We shall show that the bira-
tional correspondence is everywhere biregular. It is regular at every
Point on V’, which can be easily verified from the structure of V.
Let Q be a Point on V such that it has a representative @,=(a) on
a representative V, of V. A generic Point of V, may be assumed to
be P,=1/x,, ", x;/%4, ", Xn/%,). By the choice of X;, there is an integer
B such that Q¢ X,;. Let V,; be a representative of V’, whose generic
point over K is (v; x;/vs x,). We have
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(0 2/vp %)= W; 2;) = (v X)) = (V)= (vs) + (x,;) — (x)= X; — X+ (¥ ;/x,,)
and hence (v; x,;/vs x,)-< Xy 4-(x/x.)=. xj/%x, is in the specialization-
ring of @, in K (P,) and Q ¢ X,, that is, Q¢ (v; x,/vs x,). Since this
holds for cvery choice of i, 7, this proves that the birational corres-
pondence is regular at Q on V, i.e, it is everywhere biregular.

Let (A\)=(x;,) be a set of independent variables over K (P,) and

n  n ..
consider the divisor (3] 3Ta;;v;x), on V. This is transformed to a
i 0 7-0

generic hyperplane section of ¥V’ over K. But as we have seen above,
V' has no singular Point since it is in everywhere biregular birational
correspondence with V (cf. [W-1], th. 17, ch. 1V). Therefore a generic
hyperplane section has no singular Point (cf. [N]). Hence the divisor
considered is a Variety having no singular Point. Thus, we have
proved that the complete linear system | X+ C)| contains a non-singular
Variety. Now our lemma follows from the following general lemma.

LEMMA 3. Let I' be a non-singular Curve and X a divisor on
tne product 1' <V, such that every component of X has the projection
1" on 1'. Let K be a common ficld of definition for I’ and V over
which X is rational, u a gencric Point of 1" over K and v a Point of
I'. When prv[(vx V)-X1=X) is a non-singular Varicty, X (u) is
also a non-singular Varicty.

Proo¥. Since every component of X has the projection /7 on [,
the interscction-product (vx V)-X is defined on /' x ¥V and is of the
form v x X (v) by [W-1], prop. 16, ch. VII. When v is a generic Point
of I' over K, we have nothing to prove. Hence we may assume that
v is algebraic over K. X (v) is a specialization of X (#) over u—v
with reference to K (cf. [M-2] and [S]) and since X (v) is a Variety,
X () must be a Variety.

Now let x be a multiple Point on X (%), and extend the speciali-
zation (#, X (#))— (v, X (v)) to a specialization

(u, X (u), x) — (v, X (v),x')

over K. It is clear that x’ is a Point of X (v). Let L'V be the dual
projective space of the ambient space LY of V7 and W=L'x - x L’
be the product of »—1 factors equal to L’. The hyperplanes passing
through x are represented in L’ as the Points of the hyperplane H (x)
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in the usual manner. Then the linear Varieties L~ 7 '! passing through
x are represented as the Points on the product H (x) x --- x H (x) on W.
r-1
In the same way the linear Varieties of dimension N—z+1 passing
through x’ are represented as the Points on H (x')x ---x H(x'). More-
r-1

over, H (x')x - x H (x") is a specialization of H (x) = --- x H (x) over K.
This proves that the linear Variety of dimension N—7+1 passing
through x’ is a specialization of a certain linear Variety of dimension
N—7+1 passing through x over x—x’ with respect to K.

Let ILV7'1 be any lincar Variety passing through x such that x is
a proper intersection of LY ” and X («#) on L», Then, since x is
multiple on X (%), we have

] (X(u) AN L LN)\T>_2

by [W-1], th. 5, ch. V. One can find LY ‘! in such a way that
X (2)- LN is defined on LY. In fact, let (&, -, &) be a coordinate of
x on some representative' V of V in LN and w,, -, wax be N indepen-
dent variables over K (u,£). Assume that &=1 for simplicity. Every
hyperplane in LV passing through (¢) is a specialization of the hyper-
planc defined by

W X1+ 'F‘ZUN XN:—:?’UI &y*‘ 'wafN

Let U be any Varicty defined over K (u,v,£), containing (&).
When that hyperplane contains U, the one defined by

Xt';iéi (i:1)217N)

contains U as it is a specialization of the former over K. But this is
impossible when dim. U >>1. This proves that a generic Point of H (x)
over K (z,x) determines on LY a hyperplane L, passing through x
such that X (u«)-1., is defined on L~N. Let L,, -, I.,_; be hyperplanes
on LY corresponding to »—1 independent generic Points of H (x) over
K (u,x). Then the above arguments show that X («#)-L,---L,_, is de-
fined on L¥. The same holds for X () and x’. Let L*N-7'1 be a
linear Variety passing through x’, corresponding to a generic Point of
H(x')x--x H(x') over K(v,x'). Then L*-X (v) is defined on L% and

i(X (v)-L*, x' : LV)=1
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since X (v) is non-singular (cf. [W-1]-th. 5, ch, V). As we have re-
marked above, L* is a specialization of a certain L¥~7'! passing through
X over (X (u),x)—»( X (v), x’) with reference to K. When that is so,
X (%) LV-7+1is defined. Moreover, X (v)- L" is the uniquely determined
specialization of X (#)-L~N-7'1 over (X(u), X, LN""I)—-*(X(U), x, L*)
with reference to K by [S]-th. 2, ch. VI and [M]-th. 2. This proves
that

i (X (u) LN-71, x: LV ) =1
This is a contradiction and hence x must be simple on X (). d.e.d.

COROLLARY to LEMMA 3. Let X be a positive V-divisor. Then,
there is a positive integer m, such that for every integer m=my,,
| X+ C,,| exists, and a generic divisor of it over a common field of de-
finition for V and | X+C,,| is a non-singular Variety.

Now we shall make the following remark. In the proof of lemma
3, we have applied to ¥ an everywhere biregular birational transform-
ation, transforming V to a non-singular Variety V' and transforming
a certain complete linear system on V to the complete linear system
on V'’ determined by the hyperplane section Cj of it. Such a birational
transformation always exists for a given complete linear system on V,
which transforms it to the complete linear system determined by the
hyperplane sections, wherever it is sufficiently ample by virtue of
lemmas 1 and 2. Now given a Variety W on ¥V and a sufficiently
ample complete linear system | X| on V. Let X be a generic divisor
of | X| over a common field of definition for ¥V, W and | X|. Then
the above arguments show that X- W is defined on V by [W-1]-th. 1
ch. V and [M-1], and is a Variety. Therefore we have

LEMMA 4. Let Y be a V-cycle and | X| a sufficiently ample com-
plete linear system on V. Let X be a genervic divisor of | X| over a
common field of definition for V and |X| over which Y is rational.
When Y=3a; W; is the reduced expression for Y, W;-X is defined
on V, is a Varitey and > a; W;-X is the reduced expression for a
X-cycle Y - X.

2. We are now in position to prove the invariance of the notion
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of virtual arithmetic genus of divisors on a non-singular projective
Variety with respect to algebraic equivalence. For the definition of
the virtual arithmetic genus of cycles, see [Z-3]. Denote by {A} a
maximal regular algebraic family of positive V-divisors, the existence
of which is proved in [M-4]-th. 1.

THEOREM 1. Let X and X' be two V-divisors such that they are
algebraically equivalent to each other. Then the virtual arithmetic
genus of X and X' are the same.

PrROOF. This theorem is certainly true for the divisors on non-
singular projective Curve. We proceed by induction on the dimension
of the ambient Variety. Hence we assume that the theorem is proved
already for non-singular projective Varieties of dimension <#—1. The
virtual arithmetic genus must satisfy the modular property

Do (D" 1+ C)=p,(D)+p, (C,) + p. (D-C,)

whenever D-C,, is defined by [Z-3], part III. Therefore, by our induc-
tion assumption, we may assume that X and X’ are both positive V-
divisors. (cf. [Z-4], Part III). Moreover, we may assume that X and
X’ belong to one and the same maximal algebraic family of positive
V-divisors {X}.

Let K be a common field of definition for V, {A)} and {X } over
which X and X’ are rational. By lemma 2, both | X+ C,| and | X'+ C,]|
contain non-singular Varieties for sufficiently large s, which we
denote by Y and Y’. Let A and X be independent generic divisors
of {A} and {X} over K and {C,+ X+ A) be a maximal algebraic

family of positive V-divisors containing CS+_X+A as its divisor. It
can be easily seen that it is also a regular family, and is defined over

K. Moreover, it contains C,+ X+ A and C,+X'+A as its divisors
and they are linearly equivalent to generic divisors Z, Z' of it over

K which can be easily verified from the structure of the Picard Variety
of V (cf. [M-4], §4). Therefore

C+X+A~Z, C+X'+A~Z'.

Since Z and Z’ are generic specializations of each other over K, we
have
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Pa(Z)=pa(Z').

This shows that p, (Y +.A)==p,(Y'+A). By lemma 2, A may be as-
sumed to be non-singular, and both [Y+ Aj, ' Y'-+A| contain non-
singular Varictics W and W', since {A+C,} is regular for every =
as long as {A} is regular. Then p,(W)- - p, (Y-+A)=-p, (Y’ + A)
—:p. (W) by [Z-4], part 1II. Morecover, we may assume that there is
an everywhere biregular birational correspondence T between V' and
a non-singular V such that |A| is transformed to the complete linear
system on V formed by a hyperplane sections of it by the remark at
the end of no. 1. Since V is non-singular and T is everywhere bire-
gular, p,(W)--p (T (W)), p,(W"):-p, (T (W')) by [M-Z]-th. 2 and
[W-1]-th. 17, ch. 1V. Moreover, it holds T(W)~T (Y )+ T (A),
T(WH~T(Y')+T(A) by |W-1]-th. 7, VIII. This implies that p, (T
(Y)+ T (A))=p (T(W)), pa (T W"))—p,(T(Y')+T(A)) by [Z-3),
part IlI. Now replacing T (A) by a generic hyperplane section € of
V over a common field of definition for V, T, T'(Y) and T (Y’) con-
taining X, we have

. (T(Y)+T(A)):=p, (T(Y)+C)

<pa (T(Y))+pa (C)+ 5, (T(Y)-C),
ba (T(Y')+T(A)):=:p, ({T(Y")4C)

=P AT (Y")) +p(C) 0, (T(Y")-C).

Since Y and Y' arc algebraically equivalent to each other, T(Y),
T (Y') are also algebraically equivalent to cach other. Hence T(Y)-C
and T (Y’)-C arc also algebraically equivalent to each other. We have
Pa (T Y)-C)za[;,, (T(Y')- C) by our induction assumption and hence
p. (T(Y))=-p,(T(Y")). Since Y and Y’ are non-singular, and T is
everywhere biregular, we have p,(Y)=p,(Y’) by [W-1]-cor. 4, th. 17,
ch. 1V and [M-Z]-th. 2. This shows that p,(C,+ X)==p,(C,;+ X’) and
from the modular property of the arithmetic genus,

Da (C)A Do (X) 4P (X C)==p (Co)+ po (X')+ pa (C- X7)
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whenever C; is generic over K. Since C; is non-singular by [N], and
X-C,, X'-C; are algebraically equivalent to each other, p,(X:C))
=p.(X'-C)) by our induction assumption. This proves our theorem.

§2.

LEMMA 5. Let U be a non-singular abstract Variety and W be a
non-singular projective Variety ; let Z be a positive U x W-cycle. There
is a frontier 5 on U such that, the fact that a Point x on U is not
contained in any component of ¥, is the mnecessary and sufficient con-
dition for Z-(x+ W) to be defined.

ProoF. We may assume that Z is a Variety and reduce this
lemma to the case when Z is the graph of the function. Let K be a
common field of definition for U, W and Z and x* the Chow-Point of
Z (x) defined by Z (xx W)=xxZ (x). Z (x) is rational over K (x) and
hence x* is rational over it. Therefore, x* has the Locus U* over K
and g(x)=x" is the function defined on U with values on U*. Let
x' be a Point on U at which g is defined. Then x™ has the uniquely
determined specialization x* over x—x' with reference to K (cf.
[W-2]-no. 1, ch. I). This shows that Z-(x’' x W) is defined. Assume
conversely that Z-(x'x W)=x'xZ (x') is defined, then Z(x’) is the
uniquely determined specialization of Z (x) over x—x’ with reference
to K by [M-2] prop. 2., i.e., x* has the uniquely determined speciali-
zation x™ over x—x’ with reference to K. When that is so, if £ is
the graph of g

(¥’ xU*)~L

reduces to a component x’' xx*. As U is non-singular, the projection
of £ on U is regular at x/, by the main theorem of birational trans-
formations (cf. [Z-4]-main th.) and g is defined at x’. Thus, the fact
that Z-(x'x W) is defined and the fact that g is defined at x’ are
equivalent. Hence we may assume that Z is the graph of the function
and this case is reduced to the case when Z is the graph of the
numerical function, returning to the definitions of function (cf. [W-2]-
no. 1, ch. I). Then our lemma follows from [W-1]-cor. 2, th. 1, ch.
VIIIL.
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LEMMA 6. Let {X} be a regular maximal algebraic family of
positive V-divisors. Therve is an integer my such that for every integer
m=m, we have
I(X+C)=I(X"+0C,)

for every X, X’ in {X}.

ProOOF. Let K be a common field of definition for ¥, the Picard
Variety P of V and for {X} and X a generic divisor of it over K.
Let x be the Chow-Point of X and C, a generic divisor of L, over
K (x).

Let W be the associated-Variety of {X}. We shall show that,
there is a frontier ¥, on W algebraic over K for the given integer »
such that

[ (C,+X)=I1(C,+X")

when the Chow-Point of X’ is on W —3%,, and
1(Cot+ X)<U(Cy+ X)

otherwise. There is a finite number of maximal algebraic families of
positive V-divisors of the same degree as {X}, whose divisors are
mutually algebraically equivalent. Denote the associated-Variety of
them by W', W”,.-.. They are clearly defined over K, and W~W",
W~W". ... are algebraic over K. Put F=(W~W')~(W~W")---,
Let X, be a fixed rational divisor of {X} over K and £ the class of
X—X, on P. We may assume that & is rational over K (x) by [M-4]-
th. 3 and when that is so, there is a function g defined on W with
values on P such that g(x)=¢. Let Z be the graph of g, i.e., the
Locus of £¢xx over K. By [M-4]-prop. 10, and its corollary, Z(¢)=
prw[Z-(¢+ L)] is the associated-Variety of | X|, where L is the ambient
projective space of W. There is a bunch ¥ algebraic over K on P
such that

(¢ x L)-Z=¥ x Z(¥)

is defined when & is on P— and is not defined when ¢ is on some
component of ¥ by lemma 5. Put

& =proj.[(¥ x L)Y~Z],
T=T' 3"
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We shall prove that when «’ is on W—%, the corresponding divisor
X’ is such that /(X’)=I(X) and when x’ is on &, Z(X)<l(X').
Let T(X) and T(X’) be associated-Varieties of | X| and |X’|. We
have Z (§)=T(X) by [M-4]-cor, prop. 10. Let (X', T(X)) be a
specialization of ( X, T (X)) over K on ambient projective spaces.
Since specializations of divisors of functions are also divisors of func-
tions (cf. [M-4]-lemma 3 and [W-2]-lemma 10) every component of
T (X) is contained in T (X’). As x’ is not on %, and as (Pxx')~Z
reduces to a component & xx’ by [M-4]-prop. 10, & is not on the
frontier ¥ and ¢ is the class of X’—X, on P by [M-4] prop. 10 and
th. 1. By the definition of #,

(¢'xL)-Z=¥txZ¥)

is defined and Z (¢') is the uniquely determined specialization of Z (£)
over £—¢', that is, over x— x’' with reference to K by [M-2]-th. 2 and
[Sl-th. 2, ch. VI. Therefore Z(#)=T(X) and from the property of
Z, W~T(X’) and T (X) coincide from the point set theoretical point
of view. (cf. [M-4]-prop. 10 and its corollary). There is a certain W >
such that 7' (X’) is the Subvariety of it. Then x’ isin W~ W and
so WP=W as 2/ ¢%. This proves that T(X’) is a component of
T (XY and so dim T(X’)=dim T(X)Y=dim T (X). Therefore /(X)=
1 (X').

Assume that x’ is on ¥’ and assume further, that it is a generic
Point of its component W over K. There is a certain W such that

W is a component of W~W®_ As we have seen above, T (X) is
contained in T'(X’). Assume that dim T {X) =dim T (X’) then, there
is a positive integer « such that T'(X)=«a-T (X’). Since T (XY is
on W, T(X’) is on W. Let x; be a generic Point of W over K,
corresponding to X;. Since {X} is regular, there is a divisor X} in
{X} such that X;—X,~X;—X,, i.e, X;~X; by [M-4]-th. 1. Hence
I(X))=1(X). As dim T (X)=dim T (X)=dim T (X’), we have /(X)
=I(X'), and as X’ is a specialization of X; over K, /(X,)<I/(X')=
/(X). - This proves that /(X)=/(X;)=7(X;). But when that is so,
we can easily see that | X;|=| Xj;| is totally contained in {X}, and this
shows that W > W, Therefore we must have /(X’')>7(X).

o444

Assume that x’ is on %”. Then ¢ is on # and hence
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(¢ xL)~2Z

has a component & x W having the greater dimension than &x Z ()
=¢x T(X). From the property of Z (cf. [M-4]-prop. 10 and its corol-

lary), every divisor whose Chow-Point is on W is mutually linearly
equivalent. Therefore, W is the Subvariety of T(X’) i.e, /(X')>
1(X).

Now we shall prove the following lemma, known as a lemma of
Castelnuovo in the classical case of algebraic surfaces. Let D be a
positive divisor on ¥V, rational over a field # and C—=C, be a generic
divisor of L, over k. Then for sufficiently large %, | D+ & C| induces
on C a complete linear system. For

dim (Tre| D+ h C))=(--1Y {pa (V) +po (=D—h C)—=p. (V)
—p (—D—(h—1)C}}—1

when % is sufficiently large by Zariski’s theorem (cf. [Z-3]-th. 5). More-
over, when % is sufficiently large, we have

dim | D-C+h C2|=(—1y"Yp, (C)-+p(—D-C—h C)}—1

by the same theorem. But from the modular property of the arithmetic
genus, we have

pdl—D-C—h C)=p, (—D—(h=1) C)=p,(C)~p. (=D~ C)
and hence
dim |D-C+h C?|=(—1yY"Y p,(D—(h—1)C)~p,(—D—h C)}—1.

This proves our assertion.

We complete our proof with induction on ». Assume that our
lemma is proved already for non-singular projective Varieties of di-
mensions less than ». Let C be a generic divisor of L, over K(x) and
h, a positive integer such that | X+ /4 C| induces on C a complete linear
system when %>>h, and that every divisor in a maximal algebraic
family of C-divisors containing X-C has also the property enunciated
in our lemma, when h>>h, Let 7§, be the bunch on W already
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defined and x’ be a Point on W—5, corresponding to X’ such that
X’-C is defined. We have

dim (T7¢| X+ (h+1) C|)=dim (| X+(k+1) C|)—dim (| X+~ C|)
dim (T7c| X'+ (k+1) C|)=dim (| X'+ (h+1) C|: —dim (| X'+ A C|)

By our choice of 2, we have dim ( T7¢|X+(h-+1) C|) =dim ( Tre| X'+
(h+1)C|) and as x' ¢ W=7, it holds

Therefore, dim | X+ (2+1) C| >dim| X'+ (2-+1)C|. This proves that
it must hold the following equality
dim | X+ (h+1) C|=dim| X'+ (A +1) C|
Repeating this, we conclude that
dim | X+ h C|=dim | X'+ h C|

for any h -~ h, whenever x' ¢ W—3,. _

Let %, UU,; and x; be a generic Point of U, over K, corresponding
to X;. Onc can find a positive integer /7, > h, such that for integers
t—~h, we have

IO+ X)=(= 1) {p (V) + D (—C,— X)}

(Gt X)) =(=1){pa (V) -+ po (—C— X))}

by Zariski’s theorem. By th. 1, we get /(C,+ X)=/(C,+ X;). When
the Chow-Point of X’ is on W —35,,

I(Ci+ X)==1(Ci+ X")=1(C, + X;).

This shows that the frontier 7%, corresponding to #&; is such that
every component of it is properly contained in a component of 5.
Therefore when % is sufficiently large, ¥, will be empty, which com-
pletes the proof of our lemma, since our lemma holds on non-singular
Curves by virtue of the theorem of Riemann-Roch.

3. Now we shall state and prove the main theorem of this §.

THEOREM 2. Let {X) be a regular maximal algebraic family of
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positive divisors on V, {Y} and {X} a maximal algebraic family of
positive V-divisors such that X and Y are algebraically equivalent to each
other. When {X} and {Y } are distinct, {Y } cannot be a regular family.

When {X) is any maximal algebraic family of positive divisors of
V, there is a positive inleger my independent of X such that for in-
tegers m >my, there is a maximal algebraic family {X+C,,} containing
X+C,, for arbitrary X in {X}, such that it is regular.

Moveover, there is a positive integer my,, such that for any integer
m>m,, a maximal algebraic family {X+C,} is complete and regular.
But in this case m, depends on {X}.

ProoOF. We prove our first assertion. Let K be a common field
of definition for V, the Picard Variety P of V, {X} and for {Y}.
Let W, U be associated-Varieties of {X}, {Y} and X, X; be fixed
divisors of {X}, {Y} such that X;~ X; We assume that K contains
the coordinates of the Chow-Point of X; and that {Y } is also a regular
family. Let y be a generic Point of U over K, corresponding to the
divisor Y. Since {Y} is regular, there is a function g defined on U
with values on P defined over K and g(y)=7 is a generic Point of P
over K, which is the class of Y—X, on P with respect to linear
equivalence (cf. [M-4]-prop. 10 and th. 2). In the same way, there is
a function % defined on W with values on P, having the same pro-
perty as g. As {X} is regular, there is a divisor X in { X} such that

Y-Xo~X—-X,, ie, Y~X.

This proves that, if Z is the graph of 2 and x is the Chow-Point of
X, the intersection (xx P)~Z reduces to xxn (cf. [M-4]-prop. 10).
Therefore x is a Point of Z’ () defined by (W x9)-Z=2Z'(») xn which
is clearly defined on W x P since 7 is a generic Point of P over K
(cf. [W-1]th. 12, ch. VIII). Moreover, from the property of %, Z’(7n)
is the associated-Variety of | Xj by [M-4]-cor. of prop. 10 and prop.
7, and Z’(n) contains y. But this is a contradiction to our hypothesis
that {Y } and {X} are distinct. This proves our first assertion. (cf.
[Z-5]-no. 3, ch. V).

Now let { A} be any regular maximal algebraic family of positive
V-.divisors and { X} an empty or arbitrary maximal algebraic family of
positive V-divisors. Let K be a common field of definition for V, %,
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{A} and {X} and A a generic divisor of { A} over K. One can find
a positive integer s such that for any integer m >my, L, is complete
and contains partially A (hence, a fortiori, special divisors of {A}).

Let A, be a divisor in {A} rational over K and X, a rational divisor
of {X } over K. The divisor

X,+C,,+A—A,

is linearly equivalent to a positive divisor Y since L,, contains partially
A, ie. X;+C,,+A~Y+ A, It can be easily seen that a maximal
algebraic family {X;+C,,+ A} containing X;+C,,+ A is regular, and
X,+C,,+ A is linearly equivalent to a generic divisor of it over K by
the same reasoning as above. Consider a maximal algebraic family
{Y } containing Y. We have

X+C—Y~A—A

and X,+C,, may be assumed to be rational over K. Since X;+C,, is
algebraically equivalent to Y, we conclude that {Y } is a regular
family.

By lemma 6, there is a positive integer m,=>m; such that for any
integer m>m, we have /(Y +C,)=1(Y'+C,,) for any Y’ in {Y}.
We shall prove that when D is any positive V-divisor algebraically
equivalent to Y+C,,, D is a divisor of a maximal algebraic family
containing Y+C,,. Let W be the associated-Variety of {Y+C,,}.
We can easily see that it is defined over K and Y +C,, is linearly
equivalent to a generic divisor Y of {¥Y+C,} over K. Let Y, be a
rational divisor of {Y } over K. There is, as before, a function g
“defined on W with values on P defined over K, and if 7 is the Chow-
Point of Y, it is a generic Point of W over K and g(¥)=7 is the
class of Y —(Y,+C,,) on P with respect to linear equivalence: let Z
be the graph of g, then Z () defined by (nx W)-Z=nx2Z(n) is the
associated-Variety of | Y| by [M-4]-cor., prop. 10. th. 2 and prop. 7.
We have dim Z (9)=I(Y)—1 and as Y~Y +C,,, dimZ(»)=I(Y+C,,)
—1=1(Y’+C,,)—1 for any Y’ in {Y}. Denote by 75’ the class of
D—(Y,+C,,) on P with respect to linear equivalence, and consider the
intersection

(7' x W)~Z.
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When 7' x3, »'x¥"” are in that intersection, the divisors Y’, Y”
corresponding to ¥’, 3" are mutually linearly equivalent by [M-4]-th,
1, and cor. prop. 10. Hence every component of that intersection is
contained in 5’ x T'(D) where T (D) is the associated-Variety of | D|=

|Y|. On the other hand, every component of a specialization 7’ x Z ()’
of 7 x Z (n) over n—7' with reference to K is contained in a component
of (' x W)~Z: moreover, Z (n) is contained in T (D) by [M-4]-lemma
3 and cor. prop. 10. But we have dim Z (»)=dim Z (»')==/(Y +G,,)
—1=1/(D)—1=dim T (D); since D~Y'+4C,, for a certain Y’ in {Y }.
Hence Z ()=« - T (D) for a certain positive integer « and this shows
that T'(D)<<W. This completes our proof.

REMARK. Let X be a positive V-divisor and { A} a regular maxi-
mal algebraic family of positive V-divisors. Let A be a generic divisor
of {A} over an algebraically closed common field of definition for V,
{A} over which X is rational, and A, a rational divisor of { A} over
K. When I(X+A—-A)>=1,1ie, | X+A—A, exists and non-empty,
we can prove the existence of a regular maximal algebraic family
containing X as its divisor, in the same way as in the proof of the
above theorem. Conversely, when X belongs to a maximal regular
family, then we must have /(X+A—A)>1. In this case, /(X+ A’
—Ay)>1 for any A’ in {A} since A’ is a specialization of A over
K. Hence, in order that X belongs to maximal regular algebraic family,
it is necessary and sufficient that /(X+ A’'—A))>1 for any A’ in
{A}. Moreover, when that is so, /(X+ Y)>>1 for any divisor Y,
which is algebraically equivalent to zero. A part of the above theorem
is a special case of this. Severi and Italian geometers called a complete
linear system | X| on a non-singular surface in a projective space as
‘“ arithmetically effective ”, when

I(X-X)-mx+p,+1—-1(K—X)>0

where K is the canonical divisor, =y the virtual arithmetic genus of X
and p, the arithmetic genus of the surface. Such X satisfies the above

condition and hence belongs to a regular family. (cf., [Severi-1], and
[Z-5]-no. 3, ch. V).
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§3.

4. Let | X| be a complete lincar system on a normal projective
Variety ¥V and L (X) the module of the function on V¥V such that
(f)>—X. L(X) has a finite basis ¢, ¢,,---, ¢,,. Let K be a common
field of definition for ¥V and for every ;. Denote by (uq,---,u,) a

m \
generic point of a representative of L™ over K and put Z= ( SYu; ;o
-0

considering >l#; »; as a function on Lmx V. Intersection-product
(vx V)-Z is defined for any Point » on L since ¢y -, ¢, are linearly
independent. One can see easily that there is a fixed divisor D on V
such that every divisor of | X| is of the form Z (v)+ D, or | X| consists

of all the divisors of the form Z (v) where Z=Z+IL xD. We shall
say that | X| is defined over a ficld K’ or K’ is a field of definition

for | X| when Z is rational over K’'. D is the fixed component for
| X|. It is casy to see that when a certain divisor of it is rational
over a field K’, K’ is a field of definition for |[X]| (cf. [W-1]-th ch.
VIII). Given a simple Point Q on V, not contained in any component

of X, the divisor Z (»)=(3]v; ¢;)»+ D of | X| contains Q if and only
if (vo,--+, v,,) satisfies the linear condition > v; ¢; (Q)==0, i.e., if and
only if » is on the hyperplane defined by 3 ¢; (Q) X;==0 defined over
K’ (Q).

LEMMA 7. Let Q,,---, Q, be a set of independent generic Points of
V over a ficld K. Let |X| be a complete lincar system on V defined
over K. When [ (X)=r+1, there is the uniquely determined divisor in
| X| passing through Q;, for cvery i, which is rational over K (Qy, -, Q,).

Proor. Let Z be a divisor on L7 x ¥V such that every divisor of
| X| is of the form Z (v), where » is a Point on L. Since | X| is de-
fined over K, we may assume that Z is rational over K, and hence
| X| has a rational divisor X, over K. Let ¢, --,¢, be a base of L(X)).
Q; is not contained in any component of X; and we may assume
further, that Z=(3] %, ;) where (u,, -, #,) is a representative of a
generic Point of L. over K. A divisor Z (v) passing through Q,; is
such that » is on the hyperplane H (Q;) defined by 3 ¢;(Q;)X;=0.
We may choose @; in such a way that it is defined over K by [W-1]-
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th. 12. ch. VII[ and hence the matrix ||¢; (Q;)|| has the maximum rank
r since Q,,---, Q, are independent generic Points of V over K; this
shows that the intersection-product H (Q,)---H (Q,) is defined and
reduces to a Point v which is rational over K(Q,,---, Q,). Then Z (v)
is rational over it. q.e d.

5. Let W be the associated-Variety of a regular maximal algebraic
family of positive V-divisors {X} and X a generic divisor of it over
an algebraically closed field of definition 2 for ¥V and X. Let M be
the Chow-Point of the associated-Variety T'(X) of | X| and U the Locus
of M over k. Let X, be a rational divisor of {X} and Y, -, Y, a
set of independent generic divisors of { X} over £ (x) where x is the
Chow-Point of X and # a field containing k.. Denote by N,---, N,
the Chow-Point of T (Y,), -, T(Y,). Then, for sufficiently large n, U
is birationally equivalent to the Picard Variety P of V over & (INy,--,
N,) (cf. [M-4]-prop. 10, th. 2 and [M-5], §2). More precisely, there is
a frontier %, normally algebraic over £ on a representative U of U
and a coherent birational transformation 7,, between U and U bi-
regular at every point on U—%, and U--§; such that the abstract
Variety

[Uaf(:U):%w: Tﬁw]

is the Picard Variety P when » is large. The mode of construction
of an Abelian Variety in this way from a Variety having the normal
law of composition is due to A. Weil (cf. [W-2]-th. 15 and its proof.).
As is shown in that proof of Weil, a certain representative of any
Point on P is a generic Point of U over %’. The birational transform-
ation T, is defined in the following way. Let X be a generic divisor
of {X} over k' (NN, --,IN,). Put

X+Y,—Xo~X, n<a<n)

and M, the Chow-Point of T (X,). Then M, and M, are regularly
corresponding generic Points of U, and U, by Tg,,.

THEOREM 3. The associated-Varietly W of a regular maximal
algebraic family {X} of positive V-divisors is birationally equivalent
to Px L where L is a projective space of a certain dimension,
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PrROOF. Let, as above, £ be an algebraically closed common field
of definition for V, W and X, a rational divisor of { X} over k. Let
Q.,--, Q, be 7 independent generic Points of V over k: put ¥ =F (Q,,
-, Q,)=k(Q) and X, Y, -, Y, n+2 independent generic divisors of
{X} over . Denote by N, the Chow-Points of 7'(Y;) and M the
Chow-Point of T'(X). M has the Locus U over k' (N,,---, N,)=F (N)
and over £ (N). Put »=/(X)—1. Q. -, Q, are » independent generic
Points of V over (N, M) and T (X) is defined over it. Let x’ be the
Chow-Point of the divisor X’ in {X}, then | X| is defined over % (IV,
M, Q,x') and by lemma 7, the divisors X of |X| going through
Q,,---, Q, is determined uniquely and is rational over k& (N, M, Q, x').
Hence the Chow-Point of it is rational over k& (NN, M, Q, x’) by [C-2].
Now let x”/ be a generic Point of T (X) over k(N, M, Q, x’). Then
it is also rational over k (N, M, Q, x’) and hence the divisor X is
rational over k(IN, M, Q) i.e., | X| is defined over it and the basis
@0, -, @, of L(X) can be taken from the functions defined over it.
There is, then, a divisor Z on L7 x V rational over % (N, M, Q)=
k' (N, M) which defines | X|. We may assume that x is a generic
Point of T'(X) over k' (IN, M). There is a generic Point « of L~
over B (NN, M) such that Z (#)=X. Then as X is rational over £’ (N,
M, u) by [W-1]-th. 12, ch. VII, we have k' (N, M, x)< k' (N, M, ) and
# is purely inseparable over the former. For, let #’ be a specialization
of # over k' (IN, M, x) : then it is easily seen that Z (#')=X=2Z («) and
if u3=4/, it implies 3] (u; —c u}) ;=0 for a certain ¢ which contradicts
to the linear independency of ¢,,---, ,. Now we shall prove that

K (N, M, x)=Fk (N, M, u) .

As X is rational over k' (IN, M, x), there is a function Y on V

defined over it such that (¥)=X—X by [W-1]-th. 10, VIII and hence
¥=>¢; ;. But as ¢, -, ¢, are linearly independent we conclude that
S u; ¢; is defined over k¥ (N, M, x). Let Q be a generic Point of V
over it and put ‘ -

2: (Q)=z;, Su; 9 (Q)=w .

z; and w are in &' (NN, M, x) (Q) and (z, -, z,, w) is linearly dependent
over k' (NN, M, un). But as k&' (N, M, «) and %k (N, M, x, Q) are linearly
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disjoint over k'(INN,M,x), it must be linearly dependent over k'(IN,M, x)
by [W-1]-prop. 3, ch. I. Therefore « is rational over &' (N, M, x) and
this proves our assertion.

x is a generic Point of W over k (IN) and k' (N, x) > F (N, M).
The Locus U of M over k'(N) is birationally equivalent to P over it.
The Locus T (X) of x over &' (NN, M) is birationally equivalent to L
over it by what we have proved above. Therefore W is birationally
equivalent to Px L over k' (IN). This proves our theorem.

6. We shall state some remarks and add some appendices about
this paper. It will be desirable to extend our th. 2, replacing hyper-
plane sections by larger classes of positive V-divisors. It might be
possible to do so, for non-singular algebraic surfaces, by examining
carefully the generalized theorem of Riemann-Roch (cf. [K] and [Z-3)).

Now we shall add a certain result without proofs. Divide the
algebraic families of positive V-divisors { X} (not necessarily maximal)
into three classes:

i) the first class: a generic divisor of {X} over a field of defini-
tion for { X} is isolated with respect to lincar equivalence,

ii) the second class: { X } contains all the divisors of the complete
linear system determined by a generic divisor of { X} over a ficld of
definition for it (where we assume that that complete linear system
has the dimension >1),

iii) the third class: all the other algebraic family.

An maximal algebraic family { X} belongs to the second class if
and only if a generic divisor of it is not isolated with respect to linear
equivalence, otherwise it belongs to the first class.

Let U be any Variety. We shall say that U is a minimum model,
when, given any Variety W and a function g defined on W with
values on U, g is defined at every simple Point of W (cf. [W-2]-no.
15, ch. II). Now the following holds:

Associated-Varietics of the algebraic familics of the first class on
a novmal projective Variety have minimum models, but on the contrary,
associated-Varieties of algebraic familics of the second class have no
minimum models.
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The last half of the above assertion follows immediately when we

observe that the projective straight line has no minimum model.

{11
121
[31

(4]
(5]

[6]
7]
(8]
(9]
[10]
[11]
[12]
[13]
[14]
[15]
(16]
[17]

18]

Ochanomizu University, Tokyo.

Bibliography
Y. Akizuki, Theorems of Bertini on linear systems, Jour. Math. Soc. Jap., vol. 3, 1951.

W.L. Chow, On the defining field of a divicor in an algebraic variely, Proc. Amer.
Math. Soc. vol. 1, No. 6, 1950....... .. [C-1]

W.L. Chow, Algebraic systems of positive cycles in an algcbraic variely, Amer. Jour.
vol. 72, 1950.......... [C-2i

W.L.-v.d. Waerden, Zur algebraischen Geometrie 1X, Math. Ann. 113.... . ...[C-W]

J. Igusa, On the Picard Varieties attached to algebraic Varieties, Amer. Jour. Math.
vol. 74, 1952.......... 13

K. Kodaira, The theorem of Riemann-Roch on compact analytic surfaces, Amer. Jour.
Math. 73, 1951.......... [K]

T. Matsusaka, The theorem of Bertini on linear systems in modular flelds, Mem. Col.
Sci. Kyoto Univ,, Ser. A, XXVI, 1951.......... [M-1]

T. Matsusaka, Specializations of cycles an a projective model, Mem. Col. Sci. Kyoto
Univ., Ser. A, XXVI, 1951.......... [M-2]

T. Matsusaka, On the algebraic construction of the Picard Variety, Proc. Japan. Acad.,
vol. 28, 1952......... [M-3]

T. Matsusaka, On the algebraic construction of the Picard Variety (1), Japan. Jour.
Math,, vol. 21, 1951.......... {M-4]

T. Matsusaka, On the algebraic construction of the Picard Variety (I1), To appear
soon in Japan. Jour. Math.......... [M-5]

H.T. Muhly and O. Zariski, Hilbert’s characteristic function and the arithmetic genus

of an algebraic variety, Trans. Amer. Math. Soc. vol. 69, 1950.......... [M-Z]
Y. Nakai, On the section of an algebraic variety by the generic hyperplane, Mem. Col.
Sci., Kyoto Univ. Ser. A. XXVI, 1951.......... [N]

P. Samuel, La notion de multiplicité en algébre et en geometrie algébrique, thése, Paris,
1951.......... [S]

F. Severi, Sul teorema di Riemann-Roch e sulle serie continue appartenenti ad wuna
superficie algcbrica, Atti, Accad. Sci. Torino, vol. 40, 1904-1905.......... [Severi-1]

F. Severi, Fondamenti per la geometria sulle varieta algebriche, Rend. Circ. Mat.
Palermo, vol. 28, 1909.......... [Severi-2]

B.L.v.d. Waerden, Zur algebraischen Geomelrie X[V, Math. Ann. 115, 1935....
...... [v.d. Waerden]

A. Weil, Foundations of algebraic Geomelry, Amer. Math. Soc. Colloq., vol. 29, 1946.
e JW-13



136

[19]
(20]
[21]
(22]
123]
[24]

{25]

T. MATSUSAKA

A. Weil, Variétés Abéliennes et Courbes Algébriques, Act. Sc. et Ind. no. 1046, 1948.
......... [W-2]

A. Weil, Courbes Algébriques et les Variétés qui s’en déduisént, Act. Sc. et Ind. no.
1041, 1948......... ' W-3]

O. Zariski, The theorem of Bertini on the variable singular points of the linear system
of varieties, Trans. Amer. Math. Soc. vol. 56, 1944. ........ {Z-1)

O. Zariski, Pencils on an algebraic variety and a new proof of a theorem of Bertini,
Trans. Amer. Math. Soc. vol. 50, 1941.......... 1Z-2]

O. Zariski, Complete linear systems on normal varieties and a generalization of a lemma
of Enriques-Severi, Ann. Math. vol. 55, 1952.......... (Z-3]

O. Zariski, Foundations of a general . theory of birational carrespondences, Trans.
Amer. Math. Soc. vol. 53, 1943. ........ [Z-4]

O. Zariski, Algebraic surfaces, Ergebnisse der Mathematik und ihrer Grenzgebiete,
vol. 111, (5), Berlin, Springer, 1935.......... [Z-5]




	On algebraic families ...
	\S 1.
	THEOREM 1. ...

	\S 2.
	THEOREM 2. ...

	\S 3.
	THEOREM 3. ...

	Bibliography


