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1. Introduction

Let N{’”(c) be an (n + 1)-dimensional Lorentzian space form of constant sectional curvature c.
According to ¢ > 0, ¢ = 0 or ¢ < 0, it is denoted by S"'(c), R™! or H"*'(c), respectively. A
hypersurface M of N7*!(c) is said to be spacelike if the induced metric on M from that of N*!(c) is
positive definite. Moreover, M is called maximal if its mean curvature vanishes identically.

Calabi [1] first studied the Bernstein problem for complete maximal spacelike entire graphs in R’f“
and proved that it must be a hyperplane, when n < 4. Later, Cheng and Yau [8] showed that this
conclusion remains true for arbitrary n. For ¢ > 0, Cheng and Yau [8] and Ishihara [10] proved that
complete maximal spacelike submanifolds are totally geodesic. Furthermore, Ishihara [10] also proved
the following:

Theorem 1.1. [10] Let M be a complete maximal spacelike hypersurface in H’l‘“(—l), and let S be
the squared norm of the second fundamental form of M. Then,

S <n,

_ . . _ n - n
and S =nifandonly if M = H"(—2) X H"™"(——2-)(1 <m < n—1).

There are some interesting results related to the study of maximal spacelike hypersurfaces with
constant scalar curvature or constant Gauss-Kronecker curvature in anti-de Sitter space H’l’“(—l) (see

[2-7D).
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Recently, Deng-Gu-Wei [9] proved that closed Willmore minimal hypersurfaces with constant
scalar curvature in S°(1) are isoparametric. Motivated by Deng-Gu-Wei’s paper, in this paper we
investigate complete Willmore maximal spacelike hypersurfaces with constant scalar curvature in
anti-de Sitter space H?(—l), and give a new characterization of hyperbolic cylinder H*(-2) x H?(-2)
in H}(-1).

Theorem 1.2. Let M be a complete Willmore maximal spacelike hypersurface in anti-de Sitter space

H?(—l) with constant scalar curvature. If there exists a point with two distinct principal curvatures,
then M is the hyperbolic cylinder H?(—-2) x H(=2).

2. Preliminaries

In this section, we give some formulas and notations of maximal spacelike hypersurfaces in an
(n + 1)-dimensional Lorentzian space form N’f” (¢) with constant sectional curvature c.

Let M be a connected spacelike hypersurface in N7*!(c). We choose a local frame of orthonormal
vector fields ey, - - - , e,4; adapted to the indefinite Riemannian metric of N;’“(c) and the dual coframe
{wi, -+, wye1} In such a way that, restricted to M, ey, - - - , e, are tangent to M and e, is normal to M.

We will agree on the following index convention:

1<i,jk,---<n; 1<ABC-<n+1.

Then the connection forms {w4p} of N’f“ (c) are characterized by the following structure equations:

dwy = - Z gpwap N wp, wyp+ wps =0,
B
1
dwap = — Z Ecwac N Wep — 5 Z ecepKapcpwe N wp,
C C.D
whereg; = 1forl1 <i<n, g, =—-1and

Kapep = ceaep(0apdpc — 0acOBp)

denote the components of the curvature tensor of NV ’f”(c).
Restricting to M, we have
Wy+1 = 0. (2.1)

It follows from Cartan’s Lemma that

Wptli = Z hijwja hij = hji- (2.2)
J
The second fundamental form 4 and the mean curvature H of M are defined by

1
h = — Z hija)ia)j, H = ; Z hii- (23)
1] 1
The squared norm of the second fundamental form of M is given by

S =),
iJ
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The structure equations of M are given by

d(x),':— E a),-j/\a)j, CL),'J‘+(1)J',':0,
J

1
dw;j = — Z Wik N Wyj — 3 ZRijkzwk A wy,
% Tl

where R;j; are the components of the curvature tensor of M. Moreover, using the previous structure
equations, we obtain the Gauss equation

Riji = c(0yb j — 06 i) — (hyhji — hyhj). (2.4)

Let R, and R represent the components of the Ricci curvature and the scalar curvature of M,
respectively. From (2.4), we get

Rjk = (l’l — 1)C§jk — thjk + Z hikhji»
R=n(n-1)c—-n*H*+S5.

The components of the covariant differential VA of h are defined by
Z hijewy = dhij — Z higwyj — Z h jrwy. (2.5
3 k k

We have the Codazzi equation
hiji = hi;. (2.6)

The squared norm of the covariant differential V# is given by

VAP = > 1

i, ik

We take the second covariant differential of & and define A;;; by

Z hijuw; = dhjj — Z P jrewrmi = Z Rimicwnj — Z Ry jm@Wpi. 2.7)
) m m m
The Ricci identity is given by
hijr — hije = — Z RimBom jit — Z R jmBRoiki

= (¢ = AAN(0ik0 ji — 640 jk)(A; — A;). (2.8)

Ah;; = Z hijick
%

According to the equation (2.6) and the Ricci identity (2.8), we have

Ahiy = s = O iR = ) hinRoej (2.9)
k k,m

k,m

The Laplacian of 4;; is defined by
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When M is a maximal spacelike hypersurface, we have
1
H=- hi,' = O 210
; Z (2.10)

It follows from (2.4) and (2.9) that
Ah,’j =S + l’lC)]’lij. (2.11)

According to the above discussion, we immediately obtain the following lemmas:

Lemma 2.1. Let M be a maximal spacelike hypersurface in N i”l(c), then we have
R=n(n-1)c+S. (2.12)

Lemma 2.2. Let M be a maximal spacelike hypersurface of Nf”(c) with constant scalar curvature,
then we have
IVA? = =S (S + nc). (2.13)

Next, we consider the Willmore functional
W(p) = f (S —nH?*)dv
M

which vanishes if and only if ¢ : M — N*!(c) is umbilical. The critical submanifolds of the Willmore
functional are called Willmore submanifolds. Recently, Sun and Chen [12] studied Willmore spacelike
submanifolds in a Lorentzian space form, and got the Euler-Lagrange equation of Willmore spacelike
submanifolds. For maximal Willmore spacelike hypersurfaces, they proved

Theorem 2.3. Let M be a maximal spacelike hypersurface in Nf”(c). Then M is a maximal Willmore
spacelike hypersurface if and only if

ST ) hihighi = > (8T )i jhyj = 0,

ijk ij
n-2 . . n-2 . . .
where (S 2°); j is the Hessian of S = with respect to the induced metric.

Combining Theorem 2.3 and Lemma 2.1 yields the following lemma:

Lemma 2.4. Let M be a maximal Willmore spacelike hypersurface with constant scalar curvature R
in N{l”(c). Then the function

1= ) hijhjhii =0, (2.14)

i,k
3. Two distinct principal curvatures at one point

In this paper, we only consider the case of n = 4. Let M be a Willmore maximal spacelike
hypersurface of H>(c) with constant scalar curvature R. Fixing an arbitrary point p € M, we take
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orthonormal frames such that h;; = A;6;; at p for all i, j. According to (2.10), (2.12) and (3.47), we

have
A =0, 22 =R-nn-1ec, 2 =0. (3.1)
2. 2.1 2.1

Without loss of generality, supposing 4; > A, > A3 > A4 at the point p, then we have (see [11, 13])
A+ A4 =0, Ay + A3 = 0. (32)

In this section, we first prove the following theorem.

Theorem 3.1. Let M be a Willmore maximal spacelike hypersurface of H:(c) with constant scalar
curvature. If there exists a point with two distinct principal curvatures, then the second fundamental
form of the hypersurface M is parallel.

Assume that there are two distinct principal curvatures at p, then it follows from (3.2) that
A =4=1>0, A3 =3 =-1<0. (3.3)
Next, all discussions and calculations will be considered at the point p.
Lemma 3.2. Forany k,l = 1,2,3,4, we have

hiik + haor = 0, h33i + hage = 0. 3.4)
1
hii + hoog = —(hszi + haag) = Y ; hijchiji. (3.5)

Proof. Since H = 0, taking the first and second covariant derivative, we have

hiix + hoor + s + hage = 0,

hii + hoog + 33 + haay = 0.

Similarly, by the fact that S is constant, we can get

Z hijhije = 0, Z(hijkhijl + hijhiji) = 0. (3.6)
Lj ij

Using (3.3), we get
I’l“ = h22 = /l, h33 = h44 = —/1, l’l,’j = 0, for i * ] (37)
Substituting (3.7) into (3.6), we have

A(hy1x + hoor — hase — hagy) = 0,
Z hijchiji + AChyg + hoowg — haak — haar) = 0.

ij

Therefore, these equalities in the lemma hold. O
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In order to get the relations between the components 4, we take the derivatives of the function f3
defined on M. We have the following lemma:

Lemma 3.3. The components of Vh satisfy the following equations:

Wi+ Iy = Mgy + Bagy = gy + Iy, (3.8)
Wss + Wiy = By + Iyy = I js + i, (3.9)
hinhios + honhiis = —hasahsss + hozahaag, (3.10)
hinhis — hooohins = hazihazs — hizahaaa, (3.11)
hiithiog + hoophiig = hasahsss + hazohaa, (3.12)
= hinhig + hosohiog = hizahsss + hazihaaa, (3.13)
hizahazs + h3zihzsn = 0, (3.14)

hizzhize + hyizhig = 0. (3.15)

Proof. It follows from Lemma 2.4 that f; = 0. Taking the second covariant derivative of f; and using
(3.3) and (2.10), we get

0= (Al = 3( D himnd® +2 " hihizn ;). (3.16)
i ik
According to the Eq (3.4) and substituting (m, n) = (1, 1), (2, 2), (3, 3), (4,4) into the Eq (3.16), we get
Wiy + Wy = Mgy + iy, iy + Wy = Mgy + B,
Wss + Mgy = M i3 + iy, Wss + Mgy = g + iy,

Therefore, the two equalities (3.8) and (3.9) hold.
Similarly, setting (m,n) = (1,2),(1,3),(1,4),(2,3),(2,4), (3,4) into the Eq (3.16), the other equalities
in the lemma will be obtained. O

Lemma 3.4. Forany k = 1,2,3,4, we have

1
D om = ZIVA. (3.17)
i.j

Proof. Combining (3.4), (3.8) and (3.9), we immediately obtain

Z hizjk = 4(h5yy + oy + Mgz + M), Y k.
i,j

So, the equality (3.17) holds. O
For the components #;j; of the second covariant differential V2h, we have
Lemma 3.5.
hi233 = hazio, hi24a = haara, (3.18)
h3a1n = hiiaa, h3a22 = haaa, (3.19)
hiiza = haon, h33a4 = hagzs, (3.20)
hin = ha, h3333 = hagas. (3.21)
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Proof. Using (3.3) and the Ricci identity (2.8), we immediately get (3.18)—(3.20). From (3.5) and
Lemma 3.4, it follows that

hi12a + hoooo = hyny + hooay, h33as + hagas = hazsz + haazs.

Thus, (3.21) holds. O

According to Lemma 3.4, we find that (h2,, + h3,, + h3,; + hZ,,) is independent of the choice of

frames. Moreover, for any fixed e; and ey, (hf11 + hgzz) is invariant when rotating e; and e,. Similarly,
for any fixed e; and e, (h%33 + hfm) is also invariant when rotating e; and e4. Set

_ 2 2 _ 2 2
p1 = hiyy + oy, P2 =Ny + iy

Next, we will prove Theorem 3.1 by contradiction. We assume that at least one of p; and p, is
nonzero. Therefore, we have three cases:

Case 1: p1#0, p,#0;
Case II: p, =0, p, #0;
Case III: p, #0, p,=0.

Since Case II and Case III are similar, we only discuss Case I and Case I1.

3.1. Case I does not occur

In Case I, for fixed e; and e4, we rotate e; and e, such that 4;;; = 0. If hj34 # 0, then we fix ¢,
and e, and rotate e and e4 such that ;34 = 0. By the above rotation transformation, we reselect the
frame {e, e2, e3, e4} such that h;y; = hi34 = 0. Furthermore, this frame preserves h;; = 4;0;; at p. We
discuss Case I under the frame if not specified. According to the assumption that p; # 0, p, # 0 and
Lemma 3.3, we get

hiza = hin = hyzs = 0, h%zz = h%33 = h%34 # 0.
There are four subcases:
Subcase I — (i) : /120 = hy33 = hp3y £ 0;
Subcase I — (ii) :  —/oyp = hy33 = hasy # 0;
Subcase I — (iii) : 7y = —hy33 = hyzy # 0;
Subcase I — (iv) : oy = hyzz = —hasg # 0.

The four subcases are similar, so we only discuss Subcase I-(i). Using Lemma 3.3, we obtain

h233 = h134 = hlll = 0; h222 = h133 = h234 * 0;

(3.22)
h3zz = —hi = hyia; hass = hioa = hyp3.
Combining (3.5) and (3.22), it yields
Lemma 3.6. In Subcase I-(i), we have
h3312 + haaio = 05 hiiza + hysa = 05 hszss + haszs = 0. (3.23)
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Lemma 3.7. In Subcase I-(i), we have

haazz — h33z3 — 2hip33 = 0, (3.24)
hy2 = hii22 = 2h3a0 = 0, (3.25)
haarz — 3312 — 2hy122 = 0, (3.26)
h333s + 2h1233 + 34433 — 4hypzg = 0. (3.27)

Proof. It follows from Lemma 2.4 and (2.10) that

0= (Sl = ), (ijhichid),

ijk
=6 Z i jih jimhiin + 6 Z /li(hijlmhijn + hijinhijm + h; jmnhijl)- (3.28)
i.jk ij

Setting (I, m,n) = (4,4,4) in the Eq (3.28), we have

Z hijahjrahyia + 3 Z hijashijad; = 0.

i,k i,j

Using (3.22), (3.3) and (3.4), we obtain

Z hijah jrahiia = 0,
ik
Z hijaahijadi = Ahy1aahing + hasaahoss — hazaahszg — hagaahass
i,J
+ 2h124ah104 — 2h3444M344),

which implies
(M1144 — hooas + 2h3444)h333 + (M3344 — hasas + 2h1044)haas = 0. (3.29)
Putting (/,m,n) = (3,3, 3) into (3.28), we can get the following equation by a similar proof of the

Eq (3.29):
(h1133 = hoo33 + 2h3433)hasa + (haass — h3szz — 2h1233)h333 = 0. (3.30)

Combining (3.29) and (3.30), we have the following homogeneous system of linear equations involving
h333 and hyyy:

(M1144 = hooaa + 2h3444)h333 + (3344 — hagas + 2h1244)haas = 0, (3.31)
(haa33 — h3333 — 2h1233)h333 + (hi133 — hoo33 + 2h3433)haas = 0. .
Using the Ricci identity (2.8) and (2.6), we get
hiss = szt = haozs — hszon = hiag — haann = hogas — haagy = 22(c + 2%).
Thus, it follows from (3.5) and Lemma 3.4 that
hitaa — hooaa = —(hsz11 — h3320) = —(hi133 — h233). (3.32)
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Combining Lemmas 3.5 and 3.6, we obtain

hitas — hooaa + 2h3440 = —(hy133 — hopss + 2hsazs),

haazs — h3333 — 21233 = 3344 — Nasas + 2h1044.
Since (3.31) has a nonzero solution if and only if
haazz — h3333 — 21233 = 3344 — hagas + 21044 = 0, (3.33)

hi1aa — hooas + 2h344s = —(h1133 — hop3s + 2h3433) = 0. (3.34)
Setting (I, m, n) = (2,2, 2) into the Eq (3.28), we have
Z hiphjoh + 3 Z hijphipd; = 0.
ik i
Using (3.22) and (3.4), we also can get the first term
> hiphjahiis = 0.
ik
Then we have
—hi122 + h2y — 2h3400 = 0.
Putting (I, m,n) = (1, 1, 2) into the Eq (3.28), we have
Z hijihjii hio + Z Ai(hijinhip + 2hij12hij) = 0.
i,j.k i,j
Using (3.22) and Lemma 3.2, we have
Z hijihjiihia = 0,
ik
Z hijithipdi = (=hyi + hoorr — 2h3411)ha0A,
i,j
Z hijizhijAdi = (=h3312 + hagr2 — 2h1212)hoA.

ij
Combining (3.25), (3.23) and Lemma 3.5, we can get the equality (3.26).
Similarly, taking (I, m,n) = (4,4,3), (3, 3,4) into the Eq (3.28), respectively, we can obtain

(Nasas — 21244 + 3h3a43 — 4h2243)h333 + (Mi1as — hooaa + 203343 + 4h1243)haas = 0.

(h1133 = hoo33 — 2h3334 — 4hy3a)hszs + (h3333 + 2hy033 + 3haazz — 4hop3a)haas = 0.
Combining (3.32), Lemmas 3.5 and 3.6, we obtain

hasas — 2h124a + 3hsasz — 4hooaz = 3333 + 201233 + 3haszs — 4hopsa,
hitas — hooaa + 2h3343 + 4hioaz = —(hi133 — hooss — 2h3z3s — 4hiosa).

Then we can get the last equality in the lemma. O
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Proposition 3.8. Let M be a Willmore maximal spacelike hypersurface of H? (¢) with constant scalar
curvature. If there exists a point with two distinct principal curvatures, then Subcase I-(i) does not
occur.

Proof. 1t follows from (3.24) and (3.5) that

1

hi233 = haazz — ) Z h,zjg (3.35)
ij

Substituting (3.35) into (3.27) and using Lemma 3.2, we have
haazz = hapza. (3.360)
Using (3.25) and (3.5), we get
h342n = hoyyy + %1 Z h%,z- (3.37)
LJ
On the other hand, it follows from (3.26) and (3.23) that
hi122 = haa. (3.38)
Combining (3.35)—(3.38), Lemmas 3.4-3.6, we can obtain

hi233 = hyop, (3.39)
hii22 + hi233 = haarn + hiasz = 0. (3.40)

Hence, it follows from Lemma 3.4 that

1
hi122 + hi233 = i + hogoy = 31 Z hizjk =0,

i,k
which implies
hijk = 0, Y i, j, k.

This contradicts the hypothesis. Therefore, Subcase I-(i) does not occur. O

Remark 3.1. The above proposition holds in the other three subcases too. Hence, Case I does not occur.

3.2. Case Il does not occur

In Case 11, for fixed e; and es, we rotate e; and e, such that 53 = 0. If hyyy # 0, then we fix ¢,
and e, and rotate e; and e4 such that h444 = 0. By the above rotation transformation, we reselect the
frame {e, e2, e3, e4} such that hi>3 = hys = 0. Furthermore, this frame preserves h;; = 4;0;; at p. We
discuss Case II under the frame if not specified. According to the assumption that p; = 0, p, # 0 and
Lemma 3.3, we get

hlll = h114 = h123 = h133 = h134 = h222 = h233 = h234 = h444 = Oa (341)

hiys = hiyy = hig; # 0. (3.42)
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Lemma 3.9. In Case II, we get
h3333 = 3h4433 = hagaa. (3.43)

hii3shiiz + hosshos + 2h1234h104 = 0. (3.44)

Proof. Using (2.12) and (2.13), we find that |VA|? is constant. Taking the covariant derivative of [VA|?,
we get

> hijuhigi = 0. (3.45)
ik
Setting [ = 3, we get
(3333 — 3h4433)h333 + 3(h1133 — hoo33)hi1z + O6hi34h124 = 0. (3.46)

Next, according to Lemma 2.4 and (2.10), we have

Afs =38 +40)fs + 6 > hijhijhy = 0. (3.47)

i,j,k
Taking the covariant derivative of A f;, we get

Z (hijimhijihia + hijchijimhia + hijehijihigm) = 0. (3.48)

i,j.k

Putting m = 3 into (3.48), we have

— (h3333 = 3haa33)h333 + (hi13s — hooas)hiis + 2hiasahing = 0. (3.49)

Combining (3.46) and (3.49) and using Lemma 3.5, we immediately get (3.43) and (3.44). O
Lemma 3.10. In Case II, we get

hi23ahi24 + haazzhszz = 0, (3.50)

hi234haaz — hyiohie = 0, (3.51)

(M144 — hooaa)hiiz — (h33as — hagaa)hssz = 0, (3.52)

(1122 = hoooo)hiis — haznhass — hasonhass = 0. (3.53)

Proof. The proof of the lemma is similar to Lemma 3.7. Putting (I, m,n) = (3, 3,3), (4,1,2), (4,4, 3),
(2,2, 3) into (3.28), respectively, and using (3.42), (3.41) and Lemma 3.2, we can get (3.50)—(3.53). O

Proposition 3.11. Let M be a Willmore maximal spacelike hypersurface of H?(c) with constant scalar
curvature. If there exists a point with two distinct principal curvatures, then Case Il does not occur.

Proof. 1t follows from (3.42) that there are two subcases:

Subcase II - (i) . h333 = h113 * 0;
Subcase II — (ii) : /333 = —hy;3 #0.

The two subcases are similar, we only prove Subcase II-(i).
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Using (3.5), (3.17), (3.43) and Lemma 2.2, we have

1 =SS +4c¢) 1
h33as = hagzy = —— |V = ——— 2 = ——A(2* +0). 3.54
3344 = Nay33 32/1| | 1 > (A" +0) (3.54)
From (3.52), it yields
hi1as — haoag — h3zaq + hagas = 0. (3.55)
From (3.5), we can obtain
Nitas + hooss + h3zag + hasss = 0, (3.56)
hi122 + hopoy + h33po + gy = 0. (3.57)
Combining (3.56), (3.55) and (3.43), we have
hyoas = —h33as = —hysz3. (3.58)
Using (3.53), we have
hi122 = hopoy — h33po + gy = 0. (3.59)
Combining (3.59) and (3.57), we obtain
hi122 = —haa. (3.60)
From (3.50), (3.51) and (3.42), we can deduce
hi122 = haas3, (3.61)

Which together with (3.60) and (3.58) give that

haana = hapaa.
On the other hand, it follows from the Ricci identity (2.8) and (3.54) that
hasrr = hyas — 2/1(/12 +¢) = hypas + %IWLIZ,
which implies
hig =0, Vi,jk
This contradicts the hypothesis. Therefore, Case II does not occur. O

Remark 3.2. From the above discussion, it follows that Case I, Case II and Case III do not occur.
Hence, at the point p, we have

p1 = h?n + hgzz =0, P2 = h§33 + h42144 = 0.

By Lemmas 3.4 and 2.2, we deduce that the second fundamental form of the hypersurface M is parallel.
Therefore, we prove Theorem 3.1.

Proof of Theorem 1.2. Combining Theorem 3.1, Lemmas 2.1 and 2.2, we get S = 4 on M. Therefore,
by Theorem 1.1, M must be the hyperbolic cylinder

1 1
H*(-2) x H*(-2) = {(x,y) € R} x Rj(x, x) = -5 = _5},

where H?(-2) denotes the hyperbolic surface with constant sectional curvature —2. Thus we complete
the proof of Theorem 1.2. O

AIMS Mathematics Volume 7, Issue 7, 12802—-12814.



12814

Acknowledgments

First author was supported by National Natural Science Foundation of China (Grant No. 11401537).

Contflict of interest

The authors declare that there are no conflicts of interest regarding the publication of this paper.

References

1.

10.

11.

12.

13.

@ AIMS Press

E. Calabi, Examples of Bernstein problems for some nonlinear equations, Proc. Symp. Pure Math.,
15 (1970), 223-230.

L. F. Cao, G. X. Wei, A new characterization of hyperbolic cylinder in anti-de Sitter space
H*!(~1), J. Math. Anal. Appl., 329 (2007), 408-414. https://doi.org/10.1016/j.jmaa.2006.06.075
R. M. B. Chaves, L. A. M. Sousa, B. C. Valério, New characterizations for hyperbolic
cylinders in anti-de Sitter spaces, J. Math. Anal. Appl., 393 (2012), 166-176.
https://doi.org/10.1016/j.jmaa.2012.03.043

Q. M. Cheng, Complete maximal spacelike hypersurfaces of H{(c), Manuscripta Math., 82 (1994),
149-160.

Q. M. Cheng, Hypersurfaces of a Lorentz space form, Arch. Math., 63 (1994), 271-281.
https://doi.org/10.1007/BF01189830

Q. M. Cheng, S. Ishikawa, Spacelike hypersurfaces with constant scalar curvature, Manuscripta
Math., 95 (1998), 499-505. https://doi.org/10.1007/BF02678045

Q. M. Cheng, Y. J. Suh, Maximal space-like hypersurfaces in H}(-1) with
zero Gauss-Kronecker curvature, J. Korean Math. Soc., 43 (2006), 147-157.
https://doi.org/10.4134/JKMS.2006.43.1.147

S. Y. Cheng, S. T. Yau, Maximal spacelike hypersurfaces in the Lorentz-Minkowski spaces, Ann.
Math., 104 (1976), 407-419. https://doi.org/10.2307/1970963

Q. T. Deng, H. L. Gu, Q. Y. Wei, Closed Willmore minimal hypersurfaces with
constant scalar curvature in S°(1) are isoparametric, Adv. Math., 314 (2017), 278-305.
https://doi.org/10.1016/j.aim.2017.05.002

T. Ishihara, Maximal spacelike submanifolds of a pseudo-Riemannian space of constant curvature,
Michigan Math. J., 35 (1988), 345-352.

T. Lusala, M. Scherfner, L. A. M. Sousa, Closed minimal Willmore hypersurfaces of S°(1) with
constant scalar curvature, Asian J. Math., 9 (2005), 65-78.

S. C. Shu, J. F. Chen, Willmore spacelike submanifolds in an indefinite space form N;’”’ (¢), Publ.
1. Math., 102 (2017), 175-193. https://doi.org/10.2298/PIM1716175S

B. C. Yin, S. J. Zhai, Classification of Mbius minimal and Mébius isotropic hypersurfaces in S°,
AIMS Mathematics, 6 (2021), 8426—8452. https://doi.org/10.3934/math.2021489

©2022 the Author(s), licensee AIMS Press. This
is an open access article distributed under the
terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0)

AIMS Mathematics Volume 7, Issue 7, 12802—-12814.


http://dx.doi.org/https://doi.org/10.1016/j.jmaa.2006.06.075
http://dx.doi.org/https://doi.org/10.1016/j.jmaa.2012.03.043
http://dx.doi.org/https://doi.org/10.1007/BF01189830
http://dx.doi.org/https://doi.org/10.1007/BF02678045
http://dx.doi.org/https://doi.org/10.4134/JKMS.2006.43.1.147
http://dx.doi.org/https://doi.org/10.2307/1970963
http://dx.doi.org/https://doi.org/10.1016/j.aim.2017.05.002
http://dx.doi.org/https://doi.org/10.2298/PIM1716175S
http://dx.doi.org/https://doi.org/10.3934/math.2021489
http://creativecommons.org/licenses/by/4.0

	Introduction
	Preliminaries
	Two distinct principal curvatures at one point
	Case I does not occur
	Case II does not occur


