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ABSTRACT. In this note we characterize compact hypersurfaces of dimension n > 2 with
constant mean curvature H immersed in space forms of constant curvature and satisfying
an optimal integral pinching condition: they are either totally umbilical or, when n > 3
and H # 0, they are locally contained in a rotational hypersurface. In dimension two, the
integral pinching condition reduces to a topological assumption and we recover the classical
Hopf-Chern result.
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1. INTRODUCTION

The study of constant mean curvature hypersurfaces in space forms of constant curvature
is one of the oldest subjects in differential geometry. There are many interesting results on
this topic (see for example [12, 13, 16, 15, 8, 7, 18, 5, 2|, and many others). By constructing a
holomorphic quadratic differential, Hopf [12] showed that any constant mean curvature two-
sphere in R? is totally umbilical. Chern [7] extended Hopf’s result to constant mean curvature
two-spheres in three-dimensional space forms. Compact immersed constant mean curvature
tori in R3 were first constructed by Wente [17].

To fix the notation, let M™, n > 2, be a compact hypersurface with constant mean curvature
H immersed in a space form F"*1(c) of constant curvature c. Denote by h the second
fundamental form of M™ and by h its trace-free part. With this notation, M" is totally
umbilical if and only if A vanishes. It is well known [16, 8, 14] that if H = 0 and |h|? < nc,
¢ > 0, then M™ is either totally umbilical or a Clifford tori in S"*!(c), i.e. product of spheres
S™(ry1) x S™(rq), n1 + no = n, of appropriate radii. This rigidity result was extended by
Alencar and do Carmo [1] to hypersurfaces with constant mean curvature. The aim of this
note is to show a characterization of compact hypersurfaces with constant mean curvature
satisfying an integral pinching condition on h. This improves the result in [1]. Moreover, in
dimension two, the integral inequality reduces to a topological assumption on the surface and
leads to a new proof of Hopf-Chern Theorem. Our main result reads as follows:

Theorem 1.1. Let M™ be a compact hypersurface with constant mean curvature immersed
in a space form F"*1(c) of constant curvature c. Then

° n— ]_ ° —2 °
/ b7 (12— |~ — =2 H b 4 ne) < 0
M n vn(n—1)

1



2 GIOVANNI CATINO

and equality occurs if and only if M™ is either totally umbilical or, when n > 3 and H #
0, around every non-umbilical point, it is locally contained in a rotational hypersurface of
Frti(e).

Note that, if H = 0 and ¢ < 0, the statement is trivial. On the other hand, there are
Clifford tori in S™*1(c) with |22 = nc that are not contained in a rotational hypersurface of
S"*1(¢). Hence, the second part of the equality case in Theorem 1.1 cannot be true if H = 0.

In dimension two, Gauss equation and Gauss-Bonnet theorem imply that the integral
inequality is equivalent to the non-positivity of the Euler characteristic of M? and we recover
Hopf-Chern result.

Corollary 1.2 (Hopf-Chern). Let M? be a compact surface with constant mean curvature
immersed in a space form F3(c) of constant curvature c. Then, either M? is totally umbilical
or x(M?) < 0. In particular, every compact constant mean curvature two-sphere immersed
in a space form F3(c) is totally umbilical.

The proof of Theorem 1.1 relies on an improvement of the Bochner method applied to
Codazzi tensors with constant trace (section 2), which was observed by the the author in [6].

2. CODAZZI TENSORS WITH CONSTANT TRACE

Let (M™,g) be a smooth Riemannian manifold of dimension n > 3 and consider a Codazzi

tensor T on M™, i. e., a symmetric bilinear form satisfying the Codazzi equation
(VXT)(Y, Z) = (VyT)(X, Z),
for every tangent vectors X,Y,Z. For an overview on manifolds admitting a Codazzi tensor
see [3, Chapter 16.C]. In all this section we will assume that 7' has constant trace. In
particular, the trace-free tensor T' = T — %tr(T) g is again a Codazzi tensor. In a local
coordinate system, we have
ViTiy; = VT . (2.1)
Throughout the article, the Einstein convention of summing over the repeated indices will be
adopted. Taking the covariant derivative of the Codazzi equation and tracing we obtain
ATi; = Vi V;Ty
= V;ViTik — RigjiTi + RjxTix

where we have used the commutation rules of covariant derivatives of symmetric two tensors.
Here R;ij; and Rj, denote the components of the Riemann and Ricci tensor respectively.
Now, since T is trace- free, from (3.1) one has Vkﬂk =V, Tkk = 0. Thus, any trace-free
Codazzi tensor T satisfies the following elliptic system

ATy = R T + RixTir. - (2.2)
In particular, the following Weitzenbock formula holds
1 . . . .
§A|T‘2 = ‘VT’z — Rz’klez‘kal + RjkTijTik . (2.3)

In this section we recall a vanishing theorem for Codazzi tensor with constant trace which
was proved by the author in [6], following the work of Gursky [11] on conformal vector fields.
As first observed by Bourguignon [4], trace-free Codazzi tensor satisfies the following sharp
inequality.
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Lemma 2.1. Let T be a trace-free Codazzi tensor on a Riemannian manifold (M™,g) and
let Qo ={p€ M": |T|(p) # 0}. Then, on Qy,
n+2

VTP >
Note that, if n = 2, then equality holds.

VTP

From the previous equation, on £y, we therefore have
1 o n-+2 o o o o
5A\T|2 ~—2\V|T||? — RijuTij T + RjxTij Ty - (2.4)
Moreover, to apply (2.4) on the Whole M™, we need to measure the set M™ \ Q. We have
the following result [6].

Lemma 2.2. Let T be a, non-trivial, trace-free Codazzi tensor on the Riemannian manifold
(M"™,g) and let Qy = {p € M™ : |T|(p) # 0}. Then Vol(M™\ Qo) = 0. In particular (2.4)

holds in an H'-sense on M™.

Using equation (2.4), an integration by parts argument implies the following integral in-
equality on trace-free Codazzi tensor [6].

Proposition 2.3. Let T be a, non-trivial, trace-free Coglazzz’ tensor on a compact Riemannian
manifold (M™,g). For e >0, define Q. ={p € M™: |T|(p) > ¢}, and
fo= ‘T’(p) if p €
c e if pe M™\ Q..
Then

n+2

/ (= RirjuTyjTw + R Ty Tiw) f= ™ < 0.

3. PROOF OF THEOREM 1.1 AND COROLLARY 1.2

Let F*"1(c) be an (n+1)-dimensional smooth Riemannian manifold with constant sectional
curvature ¢ and let M™ be an n-dimensional compact hypersurface immersed in F**1(c). For

any p € M™ we choose a local orthonormal frame {e,...,e,,ent1} in F*Fl(c) around p

such that {ej,...,e,} are tangential to M. Since F"*1(c) has constant sectional curvature c,
Codazzi and Gauss equations read (see for instance [9])

Vk;hij — thik =0, (3.1)

Riji = c(9ijgm — 9ugjk) + hijhi — hahj (3.2)

where g denotes the induced Riemannian metric on M™, Rm its curvature tensor and h the
second fundamental form of M™. In particular, tracing Gauss equation (3.2), we get

R = n(n—1)c+ H? — |n?, (3.3)

were R and H denote the scalar curvature of g and the mean curvature of M™, respectively.

Now, if M™ has constant mean curvature H, then by Codazzi equation (3 1) the tensor
h=h- fH g is a trace-free Codazzi tensor. Thus, if h is not identically zero, namely if
M™ is not totally umbilical, then Proposition 2.3 applies and we obtain the following integral

inequality
n+2

/ (- Rikjl;lijilkl + Rjkilij;lik) fe ™ <o, (3.4)
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where i
o[l i peo
© e if pe M"\ Q..

and Q. = {p € M™: |h|(p) > €}. Using Gauss equation (3.2), a simple calculation shows
_Rikjlhijhkl + Rjkhijh,‘k = ;H2|h|2 — |h’4 — Hhijhikhjk + nc|h]2 .

Moreover, since h is trace-free, we have the sharp Okumura inequality (for a proof, see for
instance [1, Lemma 2.6])
n—2
n(n —1)

and, if n > 3, equality occurs at some point p € M™ if and only if h can be diagonalized at p
with (n — 1)-eigenvalues equal to A and one eigenvalue equals to —(n — 1)\, for some A € R.
Hence, we obtain

}OLijiLik}Oij > — |h|? (3.5)

o o o o 1 o n—2
—Rirjihijhig + Rijghijhi, > \h\Q(*HQ — |h|* - —

=M Valn—1)

][] +ne),

and from (3.4), we get
n—2 o o np2 _nt2
< [H|[h] +ne) ]+ 1o
_n+2

o n—2 1 °
hl™w (ZH?2 - |p|2P - =
S G e -

S/ (= Rigjihijhu + Rjchisha) f= ™ <0.

o n _nt2
Taking the limit as ¢ — 0, since ]hl%fg " — 1a.e. on M" by Lemma 2.2, we conclude
° n— 1 ° — 2 o
[ (R P - S 2 H b+ ne) < 0 (3.6)
M n n(n—1)

and, if n > 3 and H # 0, equality occurs if and only if, at every point, either h is null or it
has an eigenvalue of multiplicity (n — 1) and another of multiplicity 1.

Now we can conclude the proof of Theorem 1.1 and Corollary 1.2. If n = 2, then we have
showed that either M? is totally umbilic, or the following integral pinching inequality holds

/M2 (%HQ — A2 +20> <0.

Since |2 = |h|? — $H?, we have
/ (H* = [h[*+2c) <0
M2

and from Gauss equation (3.3), we obtain

| r<o
M2

Corollary 1.2 now simply follows from Gauss-Bonnet theorem.

If n > 3, we have that inequality (3.6) holds and equality occurs if and only if either his
null and M™ is totally umbilical or, when H # 0, around every non-umbilical point, h splits
with an eigenvalue of multiplicity (n — 1) and another of multiplicity 1. Notice that, from
Lemma 2.2, the open set of non-umbilical points is dense in M"™. Theorem 1.1 now follows
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from [10, Theorem 4.2], where the authors showed that every hypersurfaces in a space form
with this property is contained in a rotational hypersurface of F*"*1(c).
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