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Introduction.

Let M be a complex manifold with the complex structure J. A J-invariant
symmetric tensor g is called a Kaehler tensor if the associated 2-form w. (X, Y)
=g(X,JY) (X, YeTM)is closed. In addition, if g is non-degenerate it is called
an indefinite Kaehler metric. A Kaehler tensor is called analytic if it is real
analytic. Let C™* be a complex linear space C¥ (N=r+s) with the indefinite
Kaehler metric:

gr.0=2{2 de°@dE"— 3 dgo@déor},

where (&%, ---, &) denotes the canonical complex coordinate system.

E. Calabi gave a necessary and sufficient condition for a Kaehler mani-
fold to be locally immersed into a complex space form as a Kaehler submanifold,
and showed the rigidity of such immersions. In this paper we discuss the ex-
istence and the local rigidity of a full holomorphic mapping of M into C™* pre-
serving a Kaehler tensor, and give several applications, where “full” means that
the image of the mapping does not lie in any complex hyperplane in C™°.

In §1, we generalize the concept of diastases (introduced by Calabi for
analytic Kaehler metrics) for analytic Kaehler tensors and prepare some basic
facts. In §2, we define the rank of an analytic Kaehler tensor. For a Kaehler
tensor of finite rank, a pair of integers, called “extended signature”, is introduced.
The Calabi condition for a local existence of holomorphic and isometric immer-
sions into C?:° (which is said to be resolvable of rank N) coincides with the
condition that the extended signature is (N, 0). We prove the following :

THEOREM. A simply connected complex manifold M with a Kaehler tensor g
admits a full holomorphic mapping @ into C™* such that ®*g, ;=g if and only
if g is analytic and the extended signature is (r, s). Moreover @ is locally rigid.

Furthermore we mention some facts about holomorphic mappings into the
Hilbert space /2.
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In §3, we investigate the set A(M) of real analytic functions on a complex
manifold M, which consists of R-linear combinations of functions h2-+kA (h and
k are holomorphic functions on M), and show that if M is simply connected,
then for an arbitrarily fixed point p< M such a function f< A(M) is decomposed
into the following form

f=Re(@)+ 2 16° )= 3 7717,
¢g(p) =0 (0:1) Tt 7’+S)’

where ¢°, -+, ¢"** are holomorphic functions such that ¢, ---, ¢"** are C-linearly
independent. In this decomposition, (r, s), which is called the type of f, is
uniquely determined and coincides with the extended signature of the Kaehler
tensor corresponding to —2+/—163f. Furthermore, ¢° and {¢, ---, ¢"*°} are
also uniquely determined up to a constant term and a C-linear transformation
in the unitary group U(r, s) of type (r, s) respectively. It is easily seen that
the preceding theorem is a geometrical restatement of this decomposition theorem.
Accordingly, the rigidity of indefinite Kaehler submanifolds in C™*® comes to the
uniqueness of the decomposition as above. This suggests that A(M) is deeply
concerned with the geometry of complex submanifolds. In fact, (as we show
in §3), the theorem in [4], which asserts that any two of complex space forms
of different types have no Kaehler submanifolds in common, is obtained from
the following transcendental properties concerned with A(M).

PROPOSITION. Let peM be a fixed point of a complex manifold M and let
h, -, BN be mon-constant holomorphic functions on M such that h°(p)=0 (¢=
1, -, N). Then

) exp(S 1A71%) & 4O,
@ log(1—- 2 [h71%) & A(M),

N -a
(3) (1—§1|h0|2) & AM)  (a>0).

These properties will be also applied in [5] to prove that every Einstein
Kaehler submanifold of a complex linear or hyperbolic space is totally geodesic.

In §4, we mention conditions on the existence and the rigidity of holomor-
phic mappings preserving a Kaehler tensor into a non-flat indefinite complex
space form.
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§ 1. Diastases of analytic Kaehler tensors.

The diastases of analytic Kaehler metrics were originally introduced by E.
Calabi [1]. In this section diastases are introduced for analytic Kaehler tensors
on complex manifolds. _

Let M be a complex manifold with complex structure J. A (real) covariant
symmetric 2-tensor g on M is said to be J-invariant if it satisfies g(X, Y)=
gUX,JY) (X, YTM). For a J-invariant symmetric tensor g, we define the
associated 2-form w, by

wy(X,Y)=g(X,JY) (X, YeTM).

If w, is closed, then g is called a Kaehler tensor. In addition, if g is non-
degenerate, it is called an indefinite Kaehler metric. A Kaehler tensor is called
analytic if it is real analytic.

On the complex tangent space, the associated 2-form w, of a Kaehler tensor
g is a self-conjugate closed (1, 1)-form, namely it satisfies the following :

(1) @, =w,,
(2) dw,=0,
) w,(Z,W)y=0 if Z and W are both of (1, 0) or (0, 1)-type.

Conversely, for a given self-conjugate closed (1, 1)-form w, we can construct a
Kaehler tensor g, by

X, Y)=0JX,Y) (X, YeTM).

Hence there is a one to one correspondence between Kaehler tensors and self-
conjugate closed (1, 1)-forms.

Let g be an analytic Kaehler tensor on a complex n-manifold. Then locally,
there exists a real analytic function f such that w,=—2+/—103f, where f is
called a primitive function of g. The primitive function f is determined up to
the real part of a holomorphic function, that is, for any holomorphic function
h, f4+h+h is also a primitive function.

Now we introduce the multi-index defined as follows: We arrange all n-
tuples of non-negative integers as the sequence {(m; 1, -, M1, 2)} 1=0,1,2,... Such that

my = (Ox T O)’

[mll élml'*'ll (I:O; 1; 2)'”):
where m;=(m; , =+, my,,) and |m;|=2"%_,m; .. Then we denote by (z)™! the
monomial TI%2-, (z*)™L.« in n-variables.

Let f be a primitive function of g. For a complex local coordinate system
(g4, -+, z"), f is expressed as a power series expansion :
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f@= 3 brglz(g)™(z(g)™«.
I,K=0
Using this expression we define a complex-valued function F as follows:

Fip, 9=, 3 brap)™G@x,

I 1]

where p, ¢ are points in the convergence domain of f. Now a functional element
of a diastasis D (p, q) is defined as follows :

(LD D (p, q) = F(p, p)+F(q, 9)—F(p, 9—F(q, D).

Since F is independent of local coordinate systems, so is D,. Using the
same discussion as in Calabi [1], the following properties are easily verified:

(1) D, is independent of the choice of a primitive function, namely it is
uniquely determined by g.

(2) Dg(pr Q):Dg(q’ p).
(3) D, is a real analytic function.

The diastasis D,(p, ¢) is defined on some neighborhood of the diagonal set
{(p, p); p=M} of the product space MXM. For peM fixed, D,(p, q) is a
primitive function of g. So we may regard the diastasis as a normalization of
the primitive functions at the point p.

ExamMpPLE 1. The space C™* (r, s=0, -+, N, r+s=N) is the complex linear
space CV with the indefinite Kaehler metric:

Gr.s = 2{62231d50®d§a_ aiﬂdeaw@déow} s |

where (&', ---, £¥) is the canonical complex coordinate system of C¥. The as-
sociated 2-form w,,, is given by

W, s = —ZVfI{aéldEa /\déa—' ‘gl d$a+r/\d§o+r} ,
and the diastasis is given by
(L2) Db, 9= S D—E@I— SIET D= (h, g=C™).

ExaMPLE 2. The indefinite complex projective space CPY(bh) (0<s<N)
of constant holomorphic sectional curvature b>0 is the open submanifold
{(€% &, -, ENeCV+; TEF187 P =205286Y 77 |2 >0}/C* of CPY=(CY*'\(0))/C*.
The associated 2-form of the indefinite Kaehler metric of CPY(b) is defined by
(—4+/—1/b)05 log (X5 1&7|2—23zh |67 -712). The diastasis is given by
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L3 D, =@/b)log(1+ S 18 @/EWI— 5 187" 0)/E)1*)

where p=(1, 0, -+, 0) and &°q¢)=0. In case s=0, this space coincides with the
ordinary complex projective space CP¥(b) with Fubini-Study metric.

EXAMPLE 3. The indefinite complex hyperbolic space CHY(b) (0<s<N) of
constant holomorphic sectional curvature b<0 is obtained from CP¥_,(—b) by
replacing the metric of CPY_,(—b) by its negative. In case s=0, this space
coinsides with the ordinary complex hyperbolic space CHY(b).

The indefinite Kaehler manifolds C”™ s CPY(b) and CHY (b) are all called the
indefinite complex space forms with index 2s.
The diastases have the following useful property.

PROPOSITION 1.1. Let M and M be complex manifolds with analytic Kaehler
tensors g and g respectively and @ a holomorphic mapping of M into M. Then
O*g=g if and only if

(1.4) Dy(p, ¢) = Dz(D(p), D(q)),
where p, g= M in the region of definition.

PrOOF. We suppose that @*F=g. Then for a primitive function F of g,
we have

—2v/=103(f+ @) = —2v/—=10*30 f = D*w; = w,.

This implies that F-® is a primitive function of g. Since @ is holomorphic, by
the definition of the diastasis, we have the relation The converse is
easily shown by differentiating with respect to the variable g¢. g.e.d.

§2. Extended signature of analytic Kaehler tensors.
First of all, we prepare some properties of infinite dimensional matrices.

DEFINITION. The rank of an infinite dimensional matrix B=(b;z);. x=1.2,3,.
is defined by

rank(B) = lim rank(Bun),

where Bpm=(b:7):, j=1, m-

Let a°=(a);-1.2,5.. (6=1, ---, N) be systems of sequences. If we set

T $
= 3 afa%— X ai"ax  (r+s=N),

brz
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then B=(b;z);, x=1,2,5.. 1S an infinite dimensional Hermitian matrix, that is
b;g=bxs. If we put Pn=(aDs-1... ¥ i=1,.m, then Bpm=" Pnl, ;Pn, where

1"\7'

Ir,s= 1__1\8
RN
-1

Hence we have

rank(B) = lim rank(Bnn) < limrank(P,) < N.

The equality holds if and only if lim,_ .rank(P,)=N, that is, {a°},-,, .. y are
C-linearly independent.

Conversely, every Hermitian matrix of finite rank is obtained in such a way.
In fact, let B=(b;x)r x-1,2.5.. be a Hermitian matrix of rank N<oco. First, we
suppose rank(Byx)=N, then Byy is known to be written as follows:

2.1 Byy =PI, P,

where » (resp. s) is the number of positive (resp. negative) eigenvalue of Byx
and P=(p%),, :=1,...x 1S a non-singular matrix. Since every column is a C-linear
combination of the first N-th columns, there exist uj=C (¢=1,---,N, [=1,2,3, ---)
such that

2.2 b= Rbouk (I, K=1,2,3, ).

Now if we let a3=3X,p%5 (¢=1, ---, N, I=1, 2, 3, ---), then

M-~

2.3) big =

s
~ +7 50+
ajax— 23 a7ray’.
g=1 c=1

Next we consider the case rank(Byy)<N. Since B is of rank N, there ex-
ists a positive integer m such that rank(B.,,)=N. By a suitable simultaneous
permutation of the first m-th columns and lows, we can obtain a new Hermitian
matrix B’=(blg);, k=1,2,5.. such that rank(BYyy)=N. We denote this permuta-

tion by
( 1, -, m>
= .
(1), =+, dm)
We have already shown that each component of B’ is written as follows:
T 3
bie = 3, cit— 3 R
g=1 ag=1

Hence if we put
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ai = ¢iw =1, -, m),

afs+m = Gem (I=1,2, 3, -),
then each component of B is also expressed as The pair of integers (7, s)
determined by is called the signature of the Hermitian matrix B. For a
sufficiently large integer m, r (resp. s) is the number of positive (resp. negative)
eigenvalues of Bm.

Moreover our construction is determined up to a linear transformation.
Let U(r, s) (r+s=N) be the group of linear transformations of C™* which pre-
serve the indefinite Kaehler metric g, ;.. Each element of U(r, s) is also re-
garded as an NXN complex matrix 7 which satisfies ‘T, ,T=1I,, We have
the following :

LEMMA 2.1. Let B=(brg)s x=12,.. be a Hermitian maitrix of rank N<oo
satisfying (2.3) with respect to a system of sequences a’={a}z-1.2,s,..(6=1,--+, N).
Suppose that each component of B has another such decomposition:

T’ s’
2.4) bz = 21 €§C% — El g e (r’+s’=N),
g= g=

for I, K=1,2,3,---. Then (v',s")=(r, s) and there exists a matrix T =(t;;)€U(r, s)
(r+s=N) such that

Geo=tax  (o=1 -, n K=1,2,3, ).

ProOF. Let
xx = Yak, -, a¥),
Yr = Yck, -, ck)  (K=L1,2,3, ).
Then and give us
(2.5) brg =" %kl sxr ="Jxl, syr1.

Since the matrix B is of rank N, we can choose C-linearly independent
vectors {xi,}s=1,...5 @and {y; }s=1,..5. Then there exists an NXN complex
matrix T such that Tx; =y, (¢6=1, -+, N). Let X, Y be non-singular matrices
X=(a9)e,c=1,,x and Y'=(c})s,c=1,..n. From it follows that

tXI, X="tYI, Y =tXCTI, ,T)X.
Since X is non-singular, we have
tTI, ,T=1,,.

Hence (v/, s”)=(r, s) and T€U(r, s). We also have
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zXIr,sxK = ’)_/Ir,syk
='X'TI, oy«
=X(CTI, ,T)T 'yg
='XI, Ty,

thus xx=T"1'yx (K=1, 2, 3, ---), which concludes our assertion. g.e.d.

Let g be a Kaehler tensor on a complex n-manifold M. For a complex local
coordinate system (z', -+, z"), we put g,5=g(3/0z%, 0/3z"), then (gup)a,p=1,.n IS
a Hermitian matrix. At each point p& M, the signature of the matrix (g,p) is
called the signature of the Kaehler tensor g. Obviously this definition is in-
dependent of local complex coordinate systems.

Now we define the extended signature of an analytic Kaehler tensor g on M.
Let peM be a point of a coordinate neighborhood {U ;(2*, -:-, 2™)}. The
diastasis D,(p, q) has the power series expansion at p as a function of variable ¢ :

o0

Db, )=, 2 brz(a(@)—2(p)"™ (2(g)—2(p))" % .
Then B=(b;z)s, x=1.2,s,.. 18 considered as an infinite dimensional Hermitian matrix.
The rank of the matrix B is called the rank of the analytic Kaehler tensor g
at p. If the rank of B is finite, we call the signature of B the extended signature
of g at p in this paper. Note that the extended signature is defined only for
analytic Kaehler tensors of finite rank. We will show later that the extended

signature is independent of local coordinate systems and the choice of a point
in M.

REMARK. Let (7, s) and (r/, s’) be the signature and the extended signature
of an analytic Kaehler tensor g at p respectively. Since g,5=b,5, the matrix
(8af)a.p=1.-.n is considered as a submatrix of B. So we can easily check the
inequalities »'=r, s’=s.

A holomorphic mapping of a complex manifold into C™* is called full if the
image of the mapping does not lie in any complex hyperplane of C™°. Now we
prove the following :

THEOREM 2.2. Let M be a complex manifold with a Kaehler tensor g. Sup-
pose that there exists a full holomorphic mapping @ of M into C™*® such that
O*g, =g. Then g is analytic and its extended signature is (r, s) at every point
with respect to any coordinate systems. Conversely, if g is analytic and its ex-
tended signature is (r,s) (r+s=N<oo) at peM with respect to a coordinate
system, then there exists a full holomorphic mapping @ of some neighborhood of
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p into C™* such that D*g. ,=g.
To prove this, we prepare some lemmas.

LEMMA 2.3. Let O=(¢, -+, ¢¥) be a holomorphic mapping of a complex
n-manifold M into C¥ such that @O(p)=0 for fixed peM and let ¢°=
St aiz—z(p)™ (6=1, -+, N), where (z', ---, 2") is a local coordinate system
of M. Then the system of sequences a°=(a%)1-1,2s,..(6=1, -+, N) is C-linearly
independent if and only if @ is full.

PRrROOF. For an open subset U, @|y is full if and only if so is @ by the
analyticity of @. Now our assertion is immediate. q.e.d.

LEMMA 2.4. Let M be a complex manifold with a Kaehler tensor g and @ a
holomorphic mapping of M into C™* (r+s=N) such that ®*g, ;=g. Then g is
analytic and its rank is less than or equal to N at each point. Moreover if @ is
full then the rank of g is everywhere N and its extended signature is (r, S).

PROOF. Since g, , is analytic, so is g. Let p=M be an arbitrarily fixed
point. Without loss of generality, we may put @(p)=0 and take a coordinate
system (2%, ---, z") with the origin ». Then by [Proposition 1.1,

2.6) De(p, 9) = D0, O(@))
= 316G~ 3 19° "G

Substituting ¢’=2>7-,a%z)™! into (2.6), we have

s T S —

Db @)=, 3 {3 etax— 3 araw}eoym E@rE.
I,K=1\lc=1 g=1

Now our assertion follows immediately from and the discussion of

infinite dimensional matrices in this section. q.e.d.

PROOF OF THEOREM 2.2. By the first assertion is ovbious. We
prove the converse. By using a complex local coordinate system (z%, ---, z")
with the origin p=M, D, has the power series expansion :

oo

@.7) Dyp, = 3 brr(g)™1(zlghx.

I,K=1

Let pi, -+, p» be positive numbers such that the power series converges
absolutely in |z%|<p, (a=1, ---, n). By the assumption, the Hermitian matrix
B=(b;z)1. x=1.2.5... determined by is of rank N. Without loss of generality,
we may suppose that rank(Byy)=N and that B satisfies the relations and
for some nonsingular matrix P=(p%, .o1,..xy and ujeC (6=1, --, N,
I=1,2,3, ---). Now let
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a(;_—— %ﬁ}’ﬁ? (6:1, ""N) I:]-: 2) 3; );

=1

then we have already shown that each component of B is expressed by

T S
brg = UZ_}I ajd% — GZ_JI aytrayx’.

By setting ¢*=37, a{(z)™?, from and (2.8), we have the relation [2.6)
Therefore it suffices to show that each ¢’ converges absolutely on some neigh-
borhood of p. Let B; denote the I-th column (b3, ---, by7) of the matrix
Byw=0¢D¢=1,. 5. 1=1.2.3... Then it is regarded as an element of C¥. Let
{e), ---, ey} be an orthonormal basis of C¥. Since implies B;=>%, B,uj3,
we have

N
uj = aglh"%er, B,

where (h°%), .=1,...n iS the inverse matrix of (<e,, B)>)s c=1,..,n. We set d,=
max, .-,..x{|2%|} and d.=maxX, ;.. x{|h%|}. Then we have the following
estimates :

N
lagl = 2 171 luil

N
§d1§lu5

=1

<di 3 1071 Ke, Bl

g 1

< Ndudo( 3 150:17) "

Taking numbers p, (a=1, ---, n) such that 0<p,<p., and putting R=
D k=1lbrre|(p)™(p")"K, we have |b;z| <R/(p”)™1*™&. This, together with the
convention of our multi-indices |m,|Z|my| (=1, ---, N), yields

y 1/2
Ia‘;[ = dele(gle/(p’)z(ma+m1))

N 1/2
< N*duda{ 35 RY/5 0 (o))

=1

= (N*2d;d, R/8'™¥")(1/(p")" 1),

where d=min {1, p{, ---, pa}. Hence each ¢° (¢=1, --, N) converges absolutely
in the region {|z*|<p%, a=1, -, n}. By[Lemma 2.3, the mapping &=(g', -, ¢¥)
is full. , qg.e.d.

REMARK. In the proof of [Theorem 2.2, we assumed that the matrix B
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satisfies the relations [(2.1) and [2.2) But this normalization of the infinite
dimensional Hermitian matrix is obtained by finite exchanges of columns and
lows. So these assumptions give no influence on our estimates.

PROPOSITION 2.5. Let g be an analytic Kaehler tensor on a connected com-
plex manifold M. If the rank of g is N<co at some point, then so is everywhere.

Proor. Let A be the subset of points at which the rank is N. It is suffi-
cient to show that A is open and closed. By [Theorem 2.2, A is obviously open.
Now we take a sequence {x;};=1,23,.. Of points in A, which converges to a point
x-EM. On a complex local coordinate neighborhood {U : (2%, --+, 2™)} around
X, the diastasis is expressed by

Dy, )=, 3} bre(pNal@) =)=

Since each b;z(p) is a continuous function of the variable p, we have co>N=
rank{(b; z(x:))} Zrank {(b; z(x=))}.

By the rank of g is locally constant unless it is infinite. Hence
x-=A, which implies that A is closed. g.e.d.

COROLLARY 2.6. The rank and the extended signature of a Kaehler tensor
on a connected complex manifold are invariant under the change of complex local
coordinate systems and the choice of a point.

The rigidity holds for full holomorphic mappings into C™* which preserve a
Kaehler tensor.

THEOREM 2.7. Let @; (i=1, 2) be full holomorphic mappings of a connected
comblex manifold M with an analytic Kaehler tensor g into C'*°t such that
0¥g,,.,=8. Then (ri, sy) (1=1, 2) coincide with the extended signature (r, s) of
g. In addition, @, and @, differ by a motion in C™*,

Proor. By [Theorem 212, we have (ry, s;)=(rs, $5)=(r, s). We may assume
@.(p)=0 (7=1, 2) for some fixed point p= M. Each component of @;=(g}, -, ¢?)
has a power series expansion on a coordinate neighborhood {U ; (2, ---, ")} with
the origin p:

¢1= 3 af "1,
¢t = 3 cilz)mr.

On the other hand, D,(p, ¢) has a power series expansion :
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Dyb, @)=, 3 braGloy™GE"x  (G<U).

In the proof of we have already seen that

Il
M-

8
bix = 3} aidk— 3 afay’

Y
1l
-

Il
M-

8
5% — 2163“6‘? r.
1 g=

Y
Il

By applying Lemma 2.1, there exists a linear transformation T€U(r, s) such that
T-0,=®,. This proves our assertion. g.e.d.

REMARK. Without the assumption ‘full’, the rigidity is not expected. In
fact, the holomorphic mapping of C*°into C*® defined by @(z2)=(z, 0, 0) (z&C*°)
is not rigid. Though ¥'(z)=(z, 2%, —2z?%) also satisfies ¥'*g, ;,=g,.,, its components
cannot be expressed by C-linear combinations of the components of @. But in
case s=0, our assumption ‘full’ can be omitted, because the restriction of the
metric g,,, to any subspace in CV'° is also non-degenerate.

Now we suppose that M is connected and simply connected. Since the ex-
tended signature is independent of the choice of a point, and
imply that every full holomorphic mapping of an open subset of
M into C™* which preserves a Kaehler tensor, is uniquely extended to the
whole of M. So we obtain the following :

THEOREM 2.8." Let M be a connected and simply connected complex manifold.
Then for a Kaehler tensor g on M, the following two conditions are equivalent :

(1) g is analytic and its extended signature is (r, ).

(2) There exists a full holomorphic mapping @ of M into C™* (r+s=N)
such that 9*g, ,=g.

Isometric mappings of Kaehler manifolds into infinite dimensional spaces have
been investigated in and [4]. We consider holomorphic mappings of a com-
plex manifold with a Kaehler tensor into the Hilbert space /2. The space [2
consists of the points with the coordinates (&', £2%, &%, ---) such that 332, ]1£7|2< o0
(¢°=C). The Hermitian innerproduct ¢, ) is defined by <p, ¢>=30,£7(p)E°(q)
(b, g€

DEFINITION. Let M be a complex manifold and @ a mapping of M into /2
Then @ is said to be holomorphic if it satisfies the following two conditions :

(1) ¢°=&7-9 is holomorphic for all ¢=1,2, 3, ---.

(2) @ is locally bounded, that is, for every p< M, there exist a neighborhood
U of p and a positive number m such that |@|=<®, @®>'2<m on U.
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If ® and ¥ are holomorphic mappings into /2, then the function f(p, ¢)=
KD(p), T(q)> (p, g= M) defined on MXM is also holomorphic, where M denotes
the conjugate manifold of M (cf. [4; Lemma 1.4]). Now we define a diastasis
of I# by

D=(p, ¢) = |p—ql* (P, qEP).

LEMMA 2.9. Let M be a complex manifold with an analytic Kaehler tensor
and @ a holomorphic mapping of M into I1*. Then the following two assertions
are equivalent to each other.

(1) @ preserves the diastasis, that is, D (p, q)=D=(D(p), D)) (p, g=M).

(2) 19|? is a primitive function of g.

PROOF. We have
(2.9) D(D(p), D(q)) = <D(p), P(p)>+<D(q), P(g)>—<D(p), D(g)>—<D(q), P(p)>.

If |@|? is a primitive function of g, then by and (2.9), D=(Q(p), D(q))
coincides with D,(p, ¢). On the other hand, for a fixed p= M, (2.9) implies that
D=(®(p), D(¢)) and |P|? differ by the real part of a holomorhic function with
respect to the variable ¢. Hence the converse is obvious. g.e.d.

The following is an extension of [4; Proposition 1.87.

PROPOSITION 2.10. Let M be a complex manifold with an analytic Kaehler
tensor of extended signature (r, s) (r+s=N) and @ a holomorphic mapping of M
into [* which preserves the diastasis. Then s=0 and O(M) lies in some complex
N-plane in [

ProoF. Let (&Y, ---, &) be the canonical complex coordinate system of C¥
(r+s=N). We define a real bilinear form S, on C¥ by

Br.it, ) =Re{Z & DF@— D& OFT@) (b, g=C™).

Obviously the following identity holds:
2.10) B..o(bqv, Da2) = (L/2{D 1. (P, @)+ Dy «(p, @)+ Dy ias, @)} (D) g1y g2ECT),

where ;b?zq—p (p, g=C™).

Let p=M be an arbitrary point. Since the extended signature of g is (7, s),
there exists a full holomorphic mapping ¥ of some neighborhood U of p into C™*
such that ¥*g, ,=g. Now we suppose that @(U) does not lie in any real 2N-

—_—

plane. Then there exist points p,qi, -, gay+1 €U such that {D(P)D(g;)} j=1,....en+1

_

are R-linearly independent. On the other hand, since {¥(p)¥(g,)};=1,..2n+1 are
R-linearly dependent, there exist a (2N+1)-tuple of real numbers (a’, ---, a®*¥*1)#0
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_—>

such that 2% e’ (p)¥(g;)=0. By (2.10) and Proposition 1.1, we have

2N+1 7 2N+l —>
0=8...( 3 PO @) 3, aF(pW(a)

= (1/2) 31 a%a* (D (b, 4+ D (b, 0)=Dias a0}

7 k=1
=Re(' 3 a'0(0)0(g), 'S a*0(9)0).

Hence 2% a’@(p)P(q;)=0, which yields a contradiction. So @(U) lies in some
real 2N-plane. Since p is arbitrary, @(M) spans a finite dimensional complex
plane. Thus, by [Theorem 2.7, s=0 and @(M) lies in a complex N-plane in /2

g.e.d.

§3. Real analytic functions on complex manifolds.

A real analytic function on a connected complex manifold M is said to be
of finite rank if the Kaehler tensor g associated to the form —2+/—103f is of
finite rank. We call the extended signature (r, s) of g the type of f. Suppose
that f has the power series expansion at a fixed point p=M

f= 2 bix(@™1EZ)"kK,
I,K=0

where (2!, ---, 2") is a local coordinate system with the origin p. Then f is of

finite rank if and only if the rank of the matrix (b;z); x=0.1,2,.. is finite. The

type of f coincides with the signature of the Hermitian matrix (b;z);, x=1,2 8,

Let A(M) denote the set of R-linear combinations of real analytic functions

hk+kh (h and k£ are holomorphic functions on M). Obviously A(M) forms an

associative algebra. If M is compact, A(M) is nothing but the set of constant
functions.

PROPOSITION 3.1. If feA(M), then f is of finite rank.

PrROOF. By using the identity hk+kh=|h+k|*—|h|*—|E]|?%, f is expressed as

f:§1]¢al2_az:}ll¢o‘+rlz’

where ¢’ (¢=1, ---, N) are holomorphic functions. We define a holomorphic
mapping @ of M into C™* by @=(¢', -+, ¢"). Then —2+/—100f=0*w,,, this
implies that f is of finite rank by q.e.d.

The converse is also true.
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THEOREM 3.2, Let M be a connected and simply connected complex manifold
and f a real analytic function of finite rank defined on M. Then for a fixed
point pEM, there exist a pair of non-negative integers (v, s) and holomorphic
functions ¢°, ¢, «--, " (r+s=N) on M such that

f=Re(@)+ 2 Ig°I*— 3 17712,

¢"(P)=0 (021) Tty N),

where @', -+, ¢V are C-linearly independent. In addition, if f has the decomposi-
tion as above, then (r, s) coincides with the type of f, and ¢° is uniquely determined
up to a constant term. And @=(§', -+, ¢") are also uniquely determined up to
a complex linear transformation in U(r, s).

PrROOF, Let f be a real analytic function of type (r,s) (r+s=N<oo).
Since the extended signature of the Kaehler tensor g associated to the form
—2+/=104f is (r, s), by there exists a full holomorphic mapping
O=(g", -+, ¢") of M into C™* such that @*g, ,=g and O(p)=0. This implies
that

Db, =2 19°@I*~ B 167 @I*  (g=M).

Since f is a primitive function of g, there exists a holomorphic function ¢°
such that

3D f=Re(@)+ 3 1671°— 2 1¢°+"1".

Now we prove the uniqueness of this decomposition. Suppose that we have
another such decomposition :

¢a(p) =0 (0':1’ ceey N/; NIZT’—I‘S’),

Then we obtain a full holomorphic mapping ¥ of M into C™* defined by
U=(¢*, -+, ¢¥'). Hence (v’, s")=(r, s), and by @ and ¥ differ by
a linear transformation of C™* which preserves the metric g, ;. Moreover,
since @(p)=¥(»)=0, by Proposition 1.1, we have

f(@)—Re(¢%(g)) = D, 0, 9(g)) = D (p, ¢)
= D, 0, ¥(g)) = f(g)—Re (¢"g)).

Hence Re(¢°)=Re(¢°), which implies that ¢° and ¢° differ by a constant term.
g.e.d.
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COROLLARY 3.3. Let M be a simply connected complex manifold. Then A(M)
coincides with the set of real analytic functions of finite rank.

Next we show some transcendental properties concerned Wlth /I(M ). The
following lemma is a direct consequence of [Proposition 2. 10

LEMMA 3.4. Let @ be a holomorphic mapping of a complex manifold M into
2. If @(M) does not lie in any finite dimensional subspace in [*. Then |®|*¢& A(M).

PrROOF. Let g be a Kaehler tensor associated with the 2-form —2+/—100| @ |2
Then by @ preserves the diastasis D,. Since @(M) does not lie in
any finite dimensional subspace, the rank of g is infinite by [Proposition 2.10]
Hence |@|2& A(M). q.e.d.

PROPOSITION 3.5. Let peM be a fixed point of a complex manifold M and
let h', -+, WY be non-constant holomorphic function on M such that h°(p)=0(c=1,
, N). Then

(1) exp(Z14717) & AMD),
@ log(1— S 1h717) & AQMD),

N -a
@ (1=21r71%) " & AM)  (a>0).
ProOF. We obtain the series expansions

(3.3) exp(Z 1A 1)~ = B[R (h)N /N b 1)

iyt tiyzl

\/ (ll+ +ZN l)
iy !

7 1

(R (R yiw |

(3.4) —log<1~a§=1|h”|2>= =

Tyt y 2l

Since h°(p)=0(¢=1, ---, N), those series converge in a sufficiently small neigh-
borhood U of p. Thus we rewrite those series as follows:

N oo
(3.5) exp( 3 1h°1F)—1= 3 1¢'I*,
. N ©
(3.6) —log(1- 3 1h71*) = 3 1¢'1*,

where ¢! and ¢' (=1, 2, 3, ---) are holomorphic functions which are determined
by the series expansions and (3.4) respectively. Then we may define
holomorphic mappings @=(¢', ¢* ¢°, ---) and T'=(¢", ¢*, ¢* ---)of U into /2. Since
{¢'} and {¢'} have the C-linearly independent subsequences {(A")™/m!}n=1 ss,..
and {(AY)™/m} m—1. s .. respectively, by Lemma 3.4, we have
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N o
exp( 2 1h°)7) = 1+ 3 1641° & A(M),
N =)
log(1— 33 1h71*) = — 3} 1¢'1° & A(M).

This proves (1) and (2). Next we prove (3). Using the expression [3.6), we
have

exp(a 3 I¢'1%)

=143, 3 I a)gh g,

Eolig4igigzl
If we arrange the holomorphic functions {(v/ @)’ --- ¢t} as a sequence
{#'}1=1,5,5..., We have the following :

(1= 1po1) =14 21970,

So we obtain a holomorphic mapping of U into /* defined by ¢=(¢*, ¢?, &°, --).
Now we can easily take a subsequence of {¢‘};o;.s.. which is linearly inde-

pendent. Hence, by we have
N -a oo ~
(1—§1|h012) =1+ 3 |§'1* & AWD). q.e.d.
In [4], the author showed that any two of complex space forms of different

types have no Kaehler submanifolds in common. Now we show that this fact
is a corollary of Proposition 3.5 We prepare the following basic lemma:

LEMMA 3.6 ([4; Lemma 1.2]). Let (M, g) be an analytic Kaehler manifold
and peM an arbitrarily fixed point. Then a neighborhood U of p is holomor-
phically and isometrically immersed into a complex space form of holomorphic
sectional curvature 2b+0 if and only if there exist holomorphic functions ¢', ---,
o~ defined on U such that

N
exp{bDy(p, @)} = L+sgn(b) 2 [¢°(1*  (g€U),
¢°(p)=0  (¢=1, .-, N).
PrROOF. See [4], or this lemma is easily obtained from in the

next section. g.e.d.

COROLLARY 3.7 ([4; Proposition 2.1]). Let (M, g) be a Kaehler n-submanifold
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of CY:°. Then any open subset of M can not be a Kaehler submanifold of
CPY' (b') for any N’ and b’ >0.

PrROOF. We suppose that an open subset U of M is a Kaehler submanifold
of CPY'(2b) (b'=2b). For a fixed p=U, exp{bD (p, )} = AM) by
Since 5>0 and M is a Kaehler submanifold of C¥°, by [Theorem 32 there
exist holomorphic functions &', ---, A?Y such that

bDL(b, )= B[R @I* G,

he(p)=0 (6=1, -+, N).

Hence exp(éllh"IZ)eA(M). But this contradicts (1) of [Proposition 3.5,
q.e.d.

COROLLARY 3.8 ([4; Proposition 2.2]). Let (M, g) be a Kaehler n-submanifold
of C¥:°. Then any open subset of M can not be a Kaehler submanifold of CHY'(b")
for any N’ and b’<0.

Proor. We suppose that an open subset U of M is a Kaehler submanifold
of CHY (2b) (b’=2b). Let pcU be a fixed point. Then by there
exist holomorphic functions A%, -+, AY' defined on U such that

1 N
Db, )= Flog(l- S 1r°@1*) (=l
he(p)=0 (=1, -+, N').

Since M is a Kaehler submanifold of C¥:°, we have (1/b)log(1—>, | h?|?) e A(M).
But this contradicts (2) of [Proposition 3.5 g.e.d.

CoOROLLARY 3.9 ([4; Proposition 2.3]). Let (M, g) be a Kaehler n-submanifold
of CHY(b"). Then any open subset of M can not be a Kaehler submanifold of
CPY(c") for any N’ and ¢’>0.

PROOF. Since M is a Kaehler submanifold of CH¥(2b) (b’=2b), for a fixed
pE M, there exist holomorphic functions 4!, ---, A" defined on some sufficiently
small neighborhood U of p such that

1 N
3.7 Dp, )= Flog(l-Z 1h*@I*) @<,
RH=0  (g=1,,N).

Now we assume that U is a Kaehler submanifold of CPY'(2¢) (¢’=2¢). By
there exist holomorphic functions ¢', -+, ¢¥" such that
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(38) Db )=+

From and we have
1+ 3 11 = (1= g 1he1)”
z=1 - =1 ’

.
log(1+ 2 1¢°@)1*) (gD,

Since ¢/b<0, this contradicts (3) of [Proposition 3.5 qg.e.d

§4. Non-flat indefinite complex space forms.

In this section we consider holomorphic mappings into nonflat indefinite
complex space forms preserving Kaehler tensor. Since the metrics of indefinite
complex hyperbolic and projective spaces differ by the sign, we may only discuss
on the indefinite complex projective spaces. In §1, we defined the indefinite
complex projective spaces as open subsets of ordinary complex projective spaces.
A holomorphic mapping into CPY(b) (CCPY) is called full if its image does
not lie in any hyperplane of CP?.

THEOREM 4.1. Let M be a complex manifold with an analytic Kaehler tensor
g and pEM be an arbitrarily fixed point. Then there exists a full holomorphic
mapping @ of some sufficiently small neighborhood U into CPY(2b) such that
O*gy=g if and only if the function exp{bD(p, *)} is of type (N—s, s), where
go 1S the metric of CPY(2b).

PrROOF. Now we suppose that there is such a holomorphic mapping ex-
pressed by @=(¢° -, ¢~) in terms of the homogeneous coordinate system.
By a suitable motion in CPY(2b) we may put O(p)=({1,0, ---,0). Then by
(1.3) and [Proposition 1.1, we have

1 N-=s s-1
Dylp, = = Flog(1+ 3 16°/¢° 1= 3 16V77/¢°1*),
that is, .
N-s §—1
exp{bD,(p, *)} = 1+ 02=1 |¢7/¢°|*— 02;:0 [¢Y-7/¢°|%.
Since @ is full, {¢?/¢°},-1, ..~ are C-linearly independent. Hence
implies that exp{bD,(p, %)} is of type (N—s, s). Conversely, we suppose that
exp{bD (p, *)} is of type (N—s, s). Then by [Theorem 32, there exist holomor-

phic functions ¢°, ¢*, -, ¥ on a simply connected neighborhood U of p such
that

eXp{ng(p, )} = Re(¢°)+ ];Y‘;—I: |¢0,2_ jz;: ,¢N—o‘|2’
¢¢r(p)___0 (0:11 "';N):
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where {¢', ---, ¢} are C-linearly independent. Since D (p, *) is the diastasis,
we can easily check that ¢°=1. Now if we define a holomorphic mapping of

U into CPY(2b) by O=(1, ¢, ---, ¢"), then

D5, 9= log(1+ 5 1g71:— 5 g7 12).

By [Proposition 1.1, we have @*g,=g. q.e.d.

THEOREM 4.2. Let M be a complex manifold with a Kaehler tensor and let
D, (i=1, 2) be full holomorphic mappings of M into CP¥i(2b) such that 9¥g,=g,
where g; is the metric of CPYi2b). Then N,=N, and s,=s,. In addition @,
and @, differ by a motion in CPY1(2b).

Proor. Obviously N,=N,(=N) and s,=s,(=s) (by [Theorem 4.1). By a
suitable motion CPY(2b), we may put @,(p)=0.(p)=({1,0, ---,0) for a fixed
point p& M. By using the homogeneous coordinate system (£°, ---, &¥), @, (=1, 2)
are expressed by @;=(1, ¢}, -, ¢¥). Then we have

exp(bD,(p, W} =1+ 3 1§71°— £ 19771 (=1,2),

¢g(p):O (0:1; :N)

Since @, (=1, 2) are full, by the uniqueness of such decompositions, there exists
a matrix (19, .—;,.. nEU(N—s, s) such that

N
o5 = rzzlt;’gﬁ{ (6=1, ---, N).

The transformation 7 of CP¥(2b), which is defined by T(g)=(&%g), 2X,t:6°(q),
e, DNNE()) (g CPY(2b)), is ovbiously an isometry of CPY(2b) and T-0,
=0Q,. g.e.d.

REMARK. After this paper submitted, the author received the paper [3],
in which A. Romero independently showed that full holomorphic and isometric
immersions of indefinite Kaehler manifolds into indefinite complex space forms
are rigid. This result is also obtained from [Theorem 2.7l and [Theorem 4.2,

As an application of [Theorem 4.2, we consider the following example.

ExaMPLE. The canonical mapping C**'XC™*'—-C"*'QC™+ induces the
full holomorphic mapping @ : CP"XCP™CP"*™*"™ which is called the Segre
imbedding. It is easy to see that @ maps CP»(c)XCPP(c) into CPr*™+"™(¢),
where r=s(m—t)+t(n—s)+s+t(0=s=n, 0<t<m). The restricted mapping
@ : CPXc)XCPPMc)»CPr™+"™(c) is called the indefinite Segre imbedding.
Using [Proposition 1.1, we can easily show that @ is isometric. By
4.2, @ is rigid.
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REMARK. The rigidity of the indefinite Segre imbedding was pointed out in
T. Ikawa, H. Nakagawa and A. Romero [2]. For further properties of the
indefinite Segre imbedding, see [2].

Now we suppose that M is connected and simply connected. Then [Theoreml
4.1 and imply that every full holomorphic mapping of an open
subset of M into CPY(2b), which preserves a Kaehler tensor, is uniquely extended
to the whole of M. So we have the following :

THEOREM 4.3. Let M be a connected and simply connected complex manifold
and pEM an arbitrary point. Then for a Kaehler tensor g on M, the following
two conditions are equivalent:

(1) g is analytic and exp{bD(p, %)} is of type (r, ).

(2) There exists a full holomorphic mapping @ of M into CPY(2b) (N=r+s)
such that ®*g,=g, where g, is the metric of CPY(2b).
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