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COMPACT LOCALLY HESSIAN MANIFOLDS
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Let M be a differentiable manifold with a locally flat linear connection D.
A Riemannian metric g on M is said to be locally Hessian if for each point peM
there exists a C~-function @ defined on a neighbourhood of p such that
g=D’¢p. Such a pair (D, g) is called a locally Hessian structure on M [4].

Let M be a differentiable manifold with a locally Hessian structure (D, g).
Throughout this note the local expressions for the locally Hessian metric and
the related concepts will be given in terms of affine local coordinate systems
with respect to D. Let v be the volume element determined by the Riemannian
metric g;

v = Fdx'A--- ANdx", where F = +/det [e:]-
We define the forms « and 8 by

__Olog F
YT o

__ PlogF
Bi; = Oxioxi

and call them the Koszul form and the canonical bilinear form respectively.
These forms a and @ play important roles in the study of locally Hessian mani-
folds [2] [3] [4] [5].

The following assertion is derived from a result of Koszul [3].
(a) Let M be a compact connected differentiable manifold with a locally Hessian
structure (D, g).  If the canonical bilinear form (3 is positive definite on M, then the
universal covering manifold of M with a locally Hessian structure induced by (D, 3)
is isomorphic to an open convex domain not containing any full straight line in a real
affine space.

In our viewpoint a theorem of Calabi [1] is stated as follows:
(b) Let M be a domain in the n-dimensional real affine space and let ¢ be a C*-
Sfunction on M such that g=D@ is positive definite, where D is the natural flat
linear connection on M (Thus (D g) is a locally Hessian structure on M). If the
Riemannian metric g on M is complete and if the Koszul form o vanishes identically
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on M, then the Riemannian metric g is locally flat.
In this note we prove the following:

Theorem. Let M be a compact orientable differentiable manifold with a
locally Hessian structure (D, g). Then we have

(1) SMB'}'U= sua.-a‘v>0.’>

(i1) If the equality S B ;9v=0 holds, then the Riemannian metric g is locally flat.
M

The proof of (ii) is based upon a technique of Calabi [1].
As an immediate consequence of this theorem we have:

Corollary. Let M be a compact orientable differentiable manifold with a
locally Hessian structure (D, g). Then we have
(1) The canonical bilinear form (3 can not be negative definite.
(i1) If the canonical bilinear form B is negative semi-definite, then the Riemannian
metric g is locally flat.

ReMARK. In Corollary (i) the assumption that M is compact is necessary.
For example, if g=e *dxdx is a Riemannian metric on the real line R, then g is
a Hessian metric on R and the canonical bilinear form corresponding to g is

B=—dxdx.

We shall express various tensors determined by g in terms of affine local
coordinate system with respect to D.
1° The locally Hessian metric:

_ %
8ii™ Bxiom

A necessary and sufficient condition for g to be a locally Hessian metric is given

by

2° The Christoffel symbol:

i 1 .08,
Cn=28%w"

We denote by the same letter I, the tensor field induced by -;— g"‘gL:" and we
%

have

1) Throughout this note we use Einstein’s convention on indices.
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T = 1 9,

2 oxt’
Tip=Tu="Tu.
3° The Koszul form:
a;=T,,.
4° The Riemannian curvature tensor:
Riju= _g's(rrjkrsil_rrjlrsik) s
Ri,kl = PirkF'jl—PiﬂI‘rjh .
5° The Ricci tensor:
Ry =TIV, T —I",I%,
=TI, —a,I,.
6° The scalar curvature:
R=T, JI"—a,a .

Let a;;; denote the covariant derivative of a; with respect to I“j,,. Then
we have

r
a;; = Bi;—eaI;;,
and
o= Bi—a,a .

Applying Green’s theorem [6] we obtain
S (Bi—a;al)o = S o v=0.
M M

Thus the integral formula of Theorem (i) is proved.
We shall prove Theorem (ii). If the equality S B';v=0 holds, then by
Theorem (i) the Koszul form « vanishes identically onMM ;
1) a;=0.
Therefore it follows from 5° and 6° that
(2) R =T",T",,
(3) R =T, I".

We compute the Laplacian AR of the scalar curvature R. Since the covariant
derivative T'; 4;; of Ty is
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OT: jx
0x'

T kil = —T, ,-kr'il_rirkF’ A T jrr'kl

O'p

1 rs
= 7 m —& (Frjkrsil+rirkrsjl+ Pijrrsk!) ’

by 2° T;4:, is symmetric in all pairs of indices;

(4) Pi;m = Fljk;i .
Using 3°, 4°, (1), (2), (4) and the Ricci formula, we obtain
(5) gnrt‘jk:r:s = gnr‘rjk;i:s = g"(rrjk:i;s—rrjk:s:i)+gnrrjk;s;i

= &', R it TR it FfiPRpkis) +£"°T, o jii
= TR —T°(T? ;T , —T? T )

— I (T = T2 D)+ s i
= TP9(T i Ty s+ Ty, Tgpit Tipp L)

AP A RV AP ALY VD

From 4°, (2), (3), and (5) we get

1 I -
(6) EAR = I"ul:g Pijk;';s_*_r ”"Fs‘jk:l
= 31".-"*]_‘?‘1']_"4",1‘91_"_Zrijkrpqirqrjrr,ﬂ_i_ Tk Irijkil
= Rinii+Rijk’Rijkl+I-'_jk”Iu'ﬂ,;I
=0.
Therefore, applying the Bochner’s lemma [6] we have
AR=0,
and in particular

R.‘,-n =0.

This means that g is a locally flat Riemannian metric. Thus the proof of Theorem
(ii) is completed.

YamaGucHI UNIVERSITY

References

[1]1 E. Calabi: Improper affine hypersurfaces of convex type and a generalization of a
theorem by K. Jorgens, Michigan Math. J. 5 (1958), 105-126.
[2] J.L. Koszul: Domaines bornés homogénes et orbites de groupes de transformations



(3]
[4]
(5]
(6]

Compact LocaLLy HessiaN MANIFOLDS 513

affines, Bull. Soc. Math. France 89 (1961), 515-533.

J.L. Koszul: Variétés localement plates et convexité, Osaka J. Math. 2 (1965), 285
290.

H. Shima: On certain locally flat homogeneous manifolds of solvable Lie groups,
Osaka J. Math. 13 (1976), 213-229.

H. Shima: Symmetric spaces with invariant locally Hessian structures, J. Math.
Soc. Japan 29 (1977), 581-589.

K. Yano and S. Bochner: Curvature and Betti numbers, Annals of Math. Studies,
No. 32, Princeton Univ. Press, 1953.








