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Abstract In this paper, our main remark is that proper totally contact umbilical integral
manifolds of screen integrable null hypersurfaces in indefinite Kenmotsu manifolds
admit n-Weyl structures. Its geometry is closely related to the one of a normal sub-
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1 Introduction

The manifolds of indefinite signature play a special role in geometry and physics.
They generate models of spacetime of general relativity. For instance, in the tangent
space at a point of a manifold with Lorentzian signature, a real isotropic cone is
invariantly defined, and from physical point of view, this cone is the light cone. Null
hypersurfaces are also studied in the theory of electromagnetism. This is the reason
that there are many papers [11-15], and books [4-6,10] and references therein, in
which null hypersurfaces are investigated.

Communicated by Young Jin Suh.

B Fortuné Massamba
massfort@yahoo.fr; Massamba@ukzn.ac.za

1 School of Mathematics, Statistics and Computer Science, University of KwaZulu-Natal,

Private Bag X01, Scottsville 3209, South Africa

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s40840-015-0152-y&domain=pdf

1560 F. Massamba

Many objects of general relativity are invariant under conformal transformations
of a metric, and a null hypersurface is an example of the objects that are invariant
under conformal transformations of a metric (see [1] for more details). Hence it is
appropriate to study null hypersurfaces not only on a Kenmostu manifold of indefinite
signature but also on an integral manifold endowed with a conformal structure.

A Weyl structure on a smooth manifold is a torsion-free affine connection D pre-
serving a conformal structure [g] [7]. The Ricci tensor of a Weyl connection is usually
non-symmetric. This paper is devoted to the geometry of integral manifolds of the class
of almost contact metric manifolds of Kéhlerian type known as Kenmotsu manifolds
[8] with specific attention to its null subspace.

As is well known, contrary to timelike and spacelike submanifolds, the geometry
of null submanifolds [5] is different because of the fact that their normal vector bundle
intersects with the tangent bundle. To deal with this anomaly, the null submanifolds
were introduced and presented in a book by Duggal and Bejancu [5]. They introduced
a non-degenerate screen distribution to construct a non-intersecting null transversal
vector bundle of the tangent bundle. Several authors have studied those spaces. Con-
cerning the null contact geometry, some specific discussions can be found in [4,11-15]
and references therein.

In this paper, we investigate conformal connection on integral manifolds of null
hypersurfaces in indefinite Kenmotsu manifolds, tangent to the structure vector field.
Note that, being null manifold is invariant under conformal change of the metric, along
with many geometric objects.

The paper is organized as follows. In Sect. 2, we give basic definition on indefinite
Kenmotsu manifolds and null hypersurfaces of semi-Riemannian manifolds. In Sect.
3, we prove that a proper totally contact umbilical leaf of a screen integrable null
hypersuface admits n-conformal structures. A geometric configuration of such a leaf
is also established. By Theorem 3.11, we prove that, under some conditions, the local
triviality implies that a locally symmetric integral manifolds of screen integrable null
hypersurface turns out to be locally semi-Riemannian.

2 Preliminaries

Let Mbea (2n + 1)-dimensional manifold endowed with an almost contact structure
(¢, &, 1), i.e., ¢ is a tensor field of type (1, 1), & is a vector field, and 7 is a 1-form
satisfying

¢ =-1+n®E& nE) =1 nop=0 and ¢& =0. 2.1

Then (¢, &, 1, g) is called an indefinite almost contact metric structure on M if
(¢, &, 1) is an almost contact structure on M and g is a semi-Riemannian metric
on M such that [3], for any vector field X, Y on M

2@X,0Y)=28X,Y)—n(X)n®). (22)

It follows that n(-) = g(&, -). If, moreover, (V3@)Y = (@ X,Y)é — n(Y)$ X,
where V is the Levi-Civita connection for the semi-Riemannian metric 2, we call
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M an indefinite Kenmotsu manifold. Without loss of generality, £ is assumed to be
spacelike, that is, g(§, &) = 1. The Kenmotsu structure defined in [8] differs to the
indefinite Kenmotsu one only by the positiveness of the metric involved and so, the
results in [8] remain unchanged for the indefinite case. I'(E) denotes the set of smooth
sections of the vector bundle E.

A plane section o in T, M is called a ¢-section if it is spanned by X and ¢ X,
where X is a unit tangent vector field orthogonal to £. The sectional curvature of a
¢-section o is called a ¢-sectional curvature. If an indefinite Kenmotsu manifold M
has constant a—sectional curvature c, then, by virtue of the Proposition 12 in [8], the
curvature tensor R of M is given by the relation (5.6) in [8] with ¢ = H.

A Kenmotsu manifold M of constant ¢-sectional curvature ¢ will be called Ken-
motsu space form and denoted by M (c).

If M is an indefinite Kenmotsu space, then, ‘M is an Einstein one and ¢ = —1 [13]
and the curvature tensor R of M (c) is given by

RX,VNZ=35X,2)Y —-3(Y,2)X, X,Y,Z el (TM). (2.3)

Let (M, g) be a (2n + 1)-dimensional semi-Riemannian manifold with index s, 0 <
s < 2n+1, endowed with an almost contact metric structure (¢, £, 1), and let (M, g) be
anull hypersurface of M with g = 8 m- Itis well known that the normal bundle 7'M +
of the null hypersurface M is a vector subbundle of 7 M of rank 1. A complementary
vector bundle S(T M) of TM~ in T M is a rank (2n — 1) non-degenerate distribution
over M, called a screen distribution on M, such that

TM = S(TM) ®orir, TM™, (24)
where @,,¢, denotes the orthogonal direct sum. Existence of S(7' M) is secured pro-
vided M is paracompact. A null hypersurface with a specific screen distribution is
denoted by (M, g, S(T M)). We know E] that for such a triplet, there exists a unique
rank 1 vector subbundle 7 (T M) of T M over M, such that for any non-zero section
E of T M~ on a coordinate neighborhood U C M, there exists a unique section N of
tr(T M) on U satisfying

g(N,E)=1, and g(N,N)=g(N, W) =0, VW e I'(S(TM)|yp). (2.5)
Then, T M is decomposed as follows:

TM=TM & tr(TM) = (TM* & tr(TM)) ®prin S(TM). (2.6)

We call tr(T M) and N the transversal vector bundle and the null transversal vector

field of M with respect to S(T' M), respectively. The local Gauss and Weingarten
formulas are, for any X, Y € I'(TM|y),

VxY =VxY 4+ B(X,Y)N, VxN=—AyX +1t(X)N, 2.7
VxPY = V%PY + C(X, PY)E, VxE =—-A%X —t(X)E, (2.8)
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where V is the Levi-Civita connection of M, P is the projection morphism of I'(7 M)
on I'(S(T M)) with respect to the decomposition (2.4). Also, V and V* are the linear
connections, B and C are the local second fundamental forms, Ay and A}; are the
shape operators on T M and S(T M), respectively, and t is a 1-form on 7M.

From the fact that B(X, Y) = g(VxY, E), we know that B is independent of the
choice of a screen distribution and satisfies B(-, E) = 0. Unfortunately, the induced
connection V on T M is not metric and satisfies

(Vxg)(Y,Z) = B(X,Y)0(Z2)+ B(X, 2)0(Y), 2.9

where 0 is a differential 1-form locally defined on M by 6(-) := g(N, -). However, the
connection V* on S(T M) is metric. The above two local second fundamental forms
of M and S(T M) are related to their shape operators by B(X, PY) = g(Aj‘EX, PY),
g(ALX,N)=0,C(X, PY)=g(ANX, PY),g(ANX,N) = 0.

Now consider (MZHH, ¢, £,1,%) to be an indefinite Kenmotsu manifold and
(M, g) a null hypersurface of (M,g) with & € I'(TM). If E is a local section of
T M, it is easy to check that E # 0 and g(¢E, E) = 0, then @ E is tangent to M.
Thus ¢(T M=) is a distribution on M of rank 1 such that $(TML) N TM+ = {0}.
This enables us to choose a screen distribution S(7' M) such that it contains E(TM )
as a vector subbundle. If we consider a local section N of (T M), we have ¢ N # 0.
Since g(¢ N, E) = —g(N, ¢ E) = 0, we deduce that ¢ E € T'(S(TM)) and ¢ N
is also tangent to M. At the same time, ¢ N has no component with respect to E.
Thus ¢ N € T'(S(T M)), that is, ¢ (¢r (T M)) is also a vector subbundle of S(T M) of
rank 1. From (2.1), we have g(¢ N, $E) = 1. Therefore, ¢(TMJ-) Do(tr(TM))isa
non-degenerate vector subbundle of S(7'M) of rank 2. If € € I'(T' M), we may choose
S(T M) so that & belongs to S(T M). Using this, and since g(¢E, &) = g(¢N, &) =0,
there exists a non-degenerate distribution Dy of rank 2n — 4 on M such that

S M) = ST MY & §ar(TM)| @orih Doorn < >, (2.10)

where (&) is the distribution spanned by &. Dy is invariant under ¢, i.e., $(Dg) =
Moreover, from (2.4), we have the decomposition

™ = {a(TML) @$(tr(TM))} Borth Do®oren < £ > S TME. (2.11)

Now, we consider the distributions on M, D := TM~* @i ¢(T ML) Sorin Do,
D’ := ¢(tr (T M)). Then, D is invariant under ¢ and

M =D &D) Gorn (). (2.12)

Let us consider the local null vector fields U := —¢N, V := —¢E. Then, from (2.12),
any X € I'(TM) is written as X = RX + QX + n(X)&, 0X = u(X)U, where R
and Q are the projection morphisms of 7'M into D and D', respectively, and u is a
differential 1-form locally defined on M by u(-) := g(V,-). In addition, we have,
Vx§ =X —n(X)§, B(X,§) =0and C(X, §) = 0(X).
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3 Main Results

In this section, we deal with totally contact umbilicity of some foliations of null
hypersurface of an indefinite Kenmotsu manifold (M, g).

First of all, a submanifold M is said to be a totally umbilical null hypersurface of
a semi-Riemannian manifold M if its local second fundamental form B satisfies

B(X,Y)=pg(X,Y), VX, Y e'(TM), 3.

where p is a smooth functiononf C M. If we assume that M is a totally umbilical null
hypersurface of an indefinite Kenmotsu manifold M with £ € I'(T M), we have 0 =
B(&, &) = p.Hence M is totally geodesic. It follows that an indefinite Kenmotsu space
form M (c) does not admit any non-totally geodesic totally umbilical null hypersurface.
From this point of view, Bejancu [2] considered the concept of totally contact umbilical
semi-invariant submanifolds.

The notion of totally contact umbilical submanifolds was first defined by Kon [9].
We follow Bejancu’s definition of totally contact umbilical submanifolds and state the
following definition for null hypersurfaces.

A null hypersurface M is said to be totally contact umbilical if its second funda-
mental form 7 = B ® N satisfies ([11]),

h(X.Y) ={g(X.Y) =n(X)n(Y)} H + n(X)h(Y, &) + n(Y)h(X. ),  (3.2)

for any X, Y € I'(TM), where H is a normal vector field to M. It is easy to check
that a totally contact umbilical null hypersurface of an indefinite Kenmotsu manifold
is n-totally umbilical. If the function A is nowhere vanishing on M, then the latter is
said to be proper totally contact umbilical. It is easy to check that this is an intrinsic
notion that is independent, on U, of the choice of a screen distribution, £, and hence
N as in Sect. 2.

Let W be an element of T M+ & tr (T M) which is a non-degenerate distribution of
rank 2. Then there exist non-zero functions « and 8 such that

o~

W=aE+BN, (3.3)

where o and B are defined as o = §(W, N)and 8 = §(W, E). Note that E(W, W) =
W12 = ap 0.

The Lie derivative Ly of g with respect to the vector field W is given by, for any
X, Yel(TM),

Lp9)(X,Y)=—2aB(X,Y) - B{C(X,Y)+C(Y, X)}
+ B {t (X)) +t(NO(X)}+ X(BOY) +Y(BO(X). (3.4)

Let Ay be a tensor field of type (1, 1) locally defined by the combination of the shape
operators A}, and Ay, that is,

ApX = aALX + BANX, VX € T(TM). (3.5)
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Lemma 3.1 Let (M, g, S(TM)) be a null hypersurface of an indefinite Kenmostu
manifold (M, g) with & € T'(TM). Then ApX =0, YX € T'(TM) if and only if
AL X =0and AyX =0, VX e I'(TM).
Proof Suppose that Ay X =0, VX € I'(TM). Then, « Az X + B AyX = 0. So,
for any ¥ € I'(TM), ag(A*X Y)+ Bg(AnX,Y) = 0, ie, g(W CX,Y)E +
B(X,Y)N) = 0 which implies that B(X,Y) = 0 and C(X, Y) = 0, since TM* &
N(T M) is a non-degenerate distribution of rank 2. By Theorem 2.2 and Proposition
2.7 in [5] (pp. 88 and 89, respectively), A} and Ay vanish identically on M. The
converse is obvious. O
Let (M, g, S(T M)) be a screen integrable null hypersurface of an indefinite Ken-

mostu manifold (M,g) with & € I'(TM). Then, (3.4) becomes, for any X, Y €
'(TM),

Lyg)(X,Y) = =2aB(X,Y) =2BC(X,Y) + B {z(X)0(Y) + ()0 (X)}
+X(BOY) + Y (BO(X). (3.6)

Let M’ be a leaf of S(T M). Then, using (2.7) and (2.8), we obtain
VxY = VY + 1 (X, Y), 3.7)

for any X, Y € I'(TM’'), where V;and h' are the Levi-Civita connection and the
second fundamental form of M’ in M. Thus,

W(X,Y)=C(X,Y)E+ B(X,Y)N, VX, Yel(TM). (3.8)
Note that, for any X € I'(TM'),
Vi€ = X — n(X)E. (3.9)
The relation (3.6) becomes
(Lpg)(X,Y) = —2aB(X,Y) —2BC(X,Y), VX, Y e (TM'). (3.10)

The action of the Levi-Civita connection V (defined in (3.7)) on the normal bundle
TM+ @ N(T M) is given by

VxW = —AzX +VEW, VX, Y e (TM), (3.11)

where Vi-W = (X () — at(X)} E + {X(B) + Br(X)} N.
From (3.7), we have

T (X, Y), W) =g(VxY, W) = —g(¥, VxW) = g(Az X, Y). (3.12)
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Lemma 3.2 Let (M, g, S(T M)) be a screen integrable null hypersurface of an indefi-
nite_Kenmotsu manifold (M, g) withé € T'(T M). Let M' be aleaf of S(T M) immersed
in M as a non-degenerate submanifold. Then,

(Lpg)(X,Y) = —=2g(h'(X,Y), W), VX, Y e (TM').

If the leaf M’ is totally contact umbilical, then the second fundamental form 7’ of
M’ satisfies

(X, Y)={g(X,Y) —=n(X)n(Y)} H + n(X)h'(Y, &) + n(Y)h' (X, &), (3.13)
where H' is the mean curvature vector of M'. As T M+ @rr(TM) is the normal bundle
of M’, there exist smooth function A such that H' = AW. But, for any X € T'(TM’),
hW(X,&) =C(X,6)E + B(X,&)N = 0, the relation (3.13) becomes

R(X,Y)={g'(X.Y)—n(X)n(¥)} H'. (3.14)
That is, M’ is n-totally contact geodesic. Therefore, C(X,Y) = ia{g/(X,Y) —
n(X)n(Y)} and B(X,Y) = Ap{g (X, Y) — n(X)n(Y)}, for any X, ¥ € T'(TM')
which lead to
AnX = rafX —n(X)&} and ALX = AB{X — n(X)§}.
Consequently, the (1, 1)-tensor field AW in (3.5) is deduced to

ApX = ra® + BH{X — n(X)E). (3.15)

Note that totally contact umbilicity is the nearest situation from being totally geodesic.
If the leaf A/L’ is totally contact umbilical, then, the relation (3.15) may be rewritten
for a given W in TM+ o tr(TM) as

Z(VxY, W) = o(W){g(X, Y) — n(X)n(Y)}, (3.16)

with w a 1-form on TM~+ & ¢r(T M) which coincides with the function )\||W| % of
normal vector H' = AW in (3.14). Therefore, the map

(X,Y) — g(VxW,Y) = —o(W){g'(X,Y) — n(X)n(Y)}, (3.17)

is a bilinear symmetric form on TM’.

Lemma 3.3 Let (M, g, S(T M)) be a screen integrable null hypersurface of an indefi-
nite Kenmotsu manifold M, g)withé € T(TM). Let M’ be aleaf of S(T M) immersed
in M as a non-degenerate submanifold. Then, M’ is totally contact umbilical if and
only if TM~+ & tr(T M) is an n-conformal Killing distribution, that is, there exists a

@ Springer



1566 F. Massamba

1-form w on TM~* @ tr(T M) such that, for any section w of TM* @ tr(T M) and
X, Yel(TM),

(LF)(X,Y) = =20(W){g'(X,¥) = n(X)n(Y)}.
Proof The proof follows from the relation L g = 2aB — 28C. O

Denote by R and R’ the curvature tensors of V and V', respectively. Then, by using
(3.7) and (3.11), we obtain,

RX,V)Z=R'X,NZ+ Avix.2)Y — Ay X
+ (VR (Y, Z) — (ViI')(X, 2), (3.18)
forany X, Y, Z € T(TM').
Comparing vector fields in M’ and TM* & tr(T M), we have
RX,VZ=RX,VZ+ Ayix.2)Y — Awvy.X, (3.19)
(VER)(Y. Z) = (Vi) (X, 2). (3.20)
Theorem 3.4 Let (M, g, S(T M)) be a screen integrable null hypersurface of an indef-
inite Kenmot& space form (M(c),g) with & € T(TM). Let M’ be a leaf of S(T M)

immersed in M as a non-degenerate submanifold. If M’ is a totally contact umbilical

leaf, then,

(i) M’ is n-Einstein.
(i1) The functions o and BA satisfy, respectively, the following partial differential
equations

X (ar) + ar{n(X) — t(X)} = 0, (3.21)
X(BL) + BA(n(X) + T(X)} = 0, (3.22)

for any X € T'(TM"). Moreover, sz is a unit vector field in TM* @ tr (T M),
the smooth function A satisfies

X(A) 4+ An(X) =0. (3.23)

Proof Since M’ is totally contact umbilical, then, by (3.14), A’ (X, Y) = M{g/(X, Y) —
n(X)n(Y)}W, and using (2.3) and (3.15), the relation (3.19) becomes,

R(X,Y)Z = {1 =32 (* + BHNE (X, 2)Y — (¥, )X}
+ 22 + O (X, Z2)n(Y) — &' (Y, Z)n(X))E,

@ Springer



A Conformal Connection on Null Hypersurfaces... 1567

forany X, Y, X € I'(T M’). Using this, we deduce that the Ricci tensor Ric’ of M’ is
given by

Ric (X,Y) = {=2(n — 1) + (2n — 3)22(@% + gA))g (X, Y)
+ 23 @ + BHn(X)n(Y),

which prove the item (i). The proof of item (ii) follows from (3.20). If W is a unit
vector field in TM+ & tr(T M), then, o8 = 1 and combining the Egs. (3.21) and
(3.22), we deduce (3.23). O

As an example of a screen integrable null hypersurface of an indefinite Kenmotsu
space form (M (c), g) with £ € I'(T M), containing a proper totally contact umbilical
leaf which is n-Einstein leaf, have a proper totally contact umbilical SAC-lightlike
hypersurface of an indefinite Kenmotsu space form. The concept of screen almost
conformal (SAC), was firstly introduced by the author in [14], which means that the
shape operators Ay and A’g of M and its screen distribution S(7 M), respectively, are
related by Ay = 9 A7, + 6 ® &, where ¢ is non-vanishing smooth function and « is a
differential 1-form on U/ in M.

Next, we introduce the new concept of almost Weyl structures on leaves of screen
integrable null hypersurfaces. In a (pseudo-) Riemannian setting, manifolds M with
conformal structure [g] and torsion-free connection D, such that the parallel translation
induces conformal transformations, are called Weyl manifolds.

A conformal change of the metric leads to a metric which is no more compatible
with the almost contact structure. This can be corrected by a convenient change of
the structure vector field £ and the 1-form n, which implies rather strong restrictions.
Thus, in case there is an integral manifold of an integrable distribution of M, which
has an indefinite Kenmotsu structure, we may consider a change of the form

p=¢, E=eE, T=e"rn, g=e g, (3.24)

where p is a smooth function in the considered integral manifold, to preserve the
relations given by the Kenmotsu structure. To support this, we have the following.

Proposition 3.5 Let (M, g, S(T M)) be a null hypersurface of an indefinite Kenmotsu
manifold (M, g) with & € T'(T M). Then, any integral manifold M of an integrable
distribution Dy @oren (€) is totally geodesic in both M and M and has an indefinite
Kenmotsu structure.

Proof Suppose that Dy @+, (€) is integrable. Let My be a leaf of Dy Gorn (£),
then for any p € My, we have T, My = (Do @orn (§))p and dim My = 2n — 3. If
Xo = X6 +n(Xp)é € T(TMy), pXog = ¢RX), = ¢pX, = ¢Xo, R : (TM) —
I' (D) being the projection morphism and D = TML @11 a(TMJ-) ®Dorth Dy. We
put <;>: O Do@,mie) and %: N D@y (&)> SO q(; defines an (1, 1)-type tensor field
on My because ¢(Dy Born (£)) C Do. Now we consider (Mg, ¢o, £, 1o, g) and

check that, this is an indefinite Kenmotsu structure. We know that ¢> X = —X +
n(X)e +uX)U,VX € T(TM) and u(X) = 0, VX € I'(Dy Gorn (€)), sO we
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1568 F. Massamba

deduce ()2 Xo = —Xo + n(Xo)E, for any Xo € ['(TMy). Then 7 (£) = 1 and
(¢0, &, no) is an almost contact structure. Now, we prove the compatibility between

o
the (¢o, &, no)-structure and the metric g on My. By ¢= ¢|p,g,,,,(£)> We have, for
o o o
any Xo, Yo € I'(T Mo), g(¢ Xo, ¢ Yo) = g(Xo, Yo) — n(Xo)n(¥o). Let V be a linear
connection on the bundle Dy B,y+4 (£). Forany X € I'(TM), Yo € I'(Dy Boreh (£)),
we have Vx Yy =%x Yo+ l; (X, Yy), where

h: T(T M) x T(Do @oren {§)) —> TUBTMY) @ $N (T M)} Soren TMD),

is F(M)-bilinear. Let f C M be a coordinate neighborhood as fixed in Sect. 2.
Then, for any Xo, Yo € T'(Do @orun (). VYo = Vixo¥o + C(X0.$Y0)V +
B(Xo, pYo)U + C(Xp, Yo)E, and the local expression of ;z is ;z (X0, Yy =
C(Xo, 9Y0)V + B(Xo, ¢pY0)U + C(Xo, Yo)E. Since Dy Dori (£) is integrable,
;l is symmetric, i.e., C(Xo, ¢Yo) = C(Yo, $Xo), B(Xo, ¢Yo) = B(Yo, $Xo) and
C(Xo, Yo) = C(Yy, Xo). The Levi-Civita connection V on M and the induced one %
are related as gxo Yo = %XOYO + B(Xog, Yo)N+ ;1 (Xo, Yp). It is easy to check that
%xoYo € I'(Do @oren (§)), VY Xo, Yo € T'(Do Doren (£)), 1.€., Do @oren (§) defines a

totally geodesic foliation. Hence M is a totally geodesic leaf in both M and M. More-
over, % is the Levi-Civita connection on M. In fact, since Do Bypip (£) C S(TM),
we get, (Vix,8) (Yo, Zo) = (Vx,8) (Yo, Zo) = 0, and

(Vo §)Yo = g(é Xo. Yo)e— 7 (Yo) ¢ Xo,

for any Xo, Yo, Zo € I'(Do ®orin (£)). Thus, (Mo, ¢, &, o, g) has an indefinite
Kenmotsu structure. O

Definition 3.6 A connection D’ on aleaf M’ is said to be n-conformal if the covariant
derivative of g is proportional to g — 1 ® n, that is, there exists a differential 1-form
B such that the following

D'g'=—y®{g —n®n} (3.25)

holds. Here g’ = g| . If in addition, D’ is torsion-free, it is said to be Weyl connection
[7] in the direction of the distribution K er(n). But on M’, such a connection will be
called n-Weyl connection.

For every metric g* € [g’], it is natural to consider the compatible almost contact
structure of an integral manifold M* of an integrable distribution of M with & € TM
given by (3.24), so that, corresponding to [g], we obtain a conformal class of almost

. —2
contact metric structures denoted by [¢*, &, n, g*], where ¢*> = ¢, =-T+n®¢
and g* = g||,,... From this viewpoint, given an n-conformal structure V on (M, [g])
with & € T'M, its remarkable properties are actually the properties invariant for the
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conformal class [¢, £, 1, g], where ¢ is defined by ¢*> = —1 + 1 ® & + u ® U. This
tells us that (¢, &, n, g) is not an almost contact metric structure. But, this structure is
invariant under the change in (3.24).

Consider on M’ conformal structure of the form (3.24). These metrics endow M’
with a conformal structure denoting by C’ = [¢/, &, i, g']. Throughout this paper, M’
endowed with this conformal structure is denoted as (M’, C').

Definition 3.7 An integral manifold (M’,C’, D') is said to be almost Weyl if it is
endowed with an n-Weyl connection D’ satisfying the relation in (3.25).

Now, assume that the leaf M’ is proper totally contact umbilical. The 1-form w
in (3.16) is related to the mean curvature vector H' of M’ as H' = AW. Hence, the
1-form w is a section of (TM~ @ tr(T M))* and then there exists a section w? of
TM|) such that

2", W) =w(W), VW e I(TM™* & tr(TM)). (3.26)

In fact, the section ? is the metrical dual vector of w. We also observe that two sections
o* differ by exactly one section of 7 M’. Let 8 be the differential 1-form on M, locally
defined by

y(X) =28 (o, X), (3.27)

and we define D7 as

— 1 1
DYY =VxY + SO =0} + Sy X = n(X)E)

—{g' (X, Y) — n(X)n(¥)}o, (3.28)

forall X,Y € I'(TM’) and V is the Levi-Civita connection on (M, g).
First of all, we have the following:

Lemma 3.8 Let (M, g, S(T M)) be a screen integrable null hypersurface of an indefi-
nite Kenmotsu manifold (M, g)withE € T(TM). Let M’ be a totally contact umbilical
leaf of S(T M) immersed in M as a non-degenerate submanifold. Then, DY in (3.28)
is a torsion-free connection on M’ and for any X, Y € T'(TM'),

DYY e I(TM').

Proof DP is clearly a torsion-free connection on M. Using (3.16) and for any X,
Y € I'(TM’), we have

2(DLY, W) =g(VxY, W) — o(W){g'(X, Y) — n(X)n(Y)}

= w(W){g'(X, V) = (X))} — o(W){g (X, ¥) = n(X)n(¥)}
=0,

which completes the proof. O
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Finally, we show that DY is n-conformal connection. Using Lemma 3.8 and (3.28),
and let X, Y, and Z be tangent vector fields to M’. We have

(DY, Z) = X(g'(Y, Z) — g'(D}Y, Z) — g'(Y, D} Z)
— 1
= (Vx®)(Y, Z) — EV(X){g/(Y, Z) —n(Y)n(2)}
1 1
- EV(Y){g’(X, Z) —n(Xn(2)} + EJ/(Z){g/(X, Y) —n(X)n¥)}

1 1

- EV(X){g’(Y, Z) —n(n(2)} - EV(Z){g’(X, Y) = n(X)n(¥)}
1

+ Ey(Y){g’(X, Z) —n(X)n(2)}.

That is, (D;g’)(Y, Z) = —y(X){g'(Y, Z) — n(Y)n(Z)}. This means that D? is -
Weyl connection on M.

Now suppose that there exists an 7-Weyl connection D’ on (M’, g'), i.e., D’ is
torsion-free and there exists a smooth 1-form y such that D'g’ = —y ® {g’ — n ® n}.
Then, one has, for any X, Y € I'(TM’),

— 1 1
DiY =Vx¥ + 2y COW = n(Eh+ Sy NIX = n(X)E}
—{g(X,Y) — n(X)n(Y)}or. (3.29)

From (3.7) and using the fact that the dual vector w? can be written, in general, as
1 o~ o~
o' = Po® + —ﬁa)(W)W, af #0, (3.30)
o
we have

1 1
DyY = VyY +h'(X,Y) + SV O =01} + 2y INIX —n(X)E)

1 ~ o~
—{g/(X.Y) = n(X)n(V)} | Po* + LA E (3.31)
Comparing the elements of M’ and T M 1o tr(T M), one obtains,

1 1
DyY = Vi + 2y O[Y = n(M)g}+ Jy MIX = n(X)§)
— (g (X, Y) = n(X)n(Y)} P, (3.32)

1 A o~
WX, Y) = Ew(W){g’(X, Y) = n(X)n(¥)}W, (3.33)

which implies that M’ is totally contact umbilical. Therefore,

@ Springer



A Conformal Connection on Null Hypersurfaces... 1571

Theorem 3.9 Let (M, g, S(T M)) be a screen integrable null hypersurface of an indef-
inite Kenmotsu manifold M, g) withé € T(TM). For M, aleaf of S(T M) immersed
in M as a non-degenerate submanifold, to be proper totally contact umbilical, it is
necessary and sufficient that it admits an n-Weyl connection.

Let (M, g, S(T M)) be a screen integrable null hypersurface of an indefinite Ken-
motsu manifold (M, g) with & € y (T M).

Let M’ be a totally contact umbilical leaf of S(7 M). Then, by Theorem 3.9, there
is an n-Weyl connection D" in M’ such that, for any X, Y € I'(T M’), we have,

DyY = VY + pxY, (3.34)
where
yxY = %J/(X){Y —n(V)§}+ %V(Y){X —n(X)§}
— (&' (X, Y) = n(X)n(Y)}ef. (3.35)
The Lie derivative of g’ with respect to structure vector field & is given by

(Leg)(X, V) =&(g'(X, V) — g'([§, X1,Y) — ¢'([§, Y1, X)
=2{g' (X, Y) = n(X)n(Y)}. (3.36)

By definition of D’ in (3.25), we have, for any X, Y € T'(TM’),

—yOE(X.Y) = n(X)n(V)} = (Leg) (X, Y) + g (Dy§, Y) + ¢'(X, Dy§),

which leads to the following identity, for any X, Y € ['(TM’),

g (D&, Y) +g'(Dyé, X) = —(y () + D{g'(X, ¥) — n(X)n(V)}. (3.37)

Using (3.37), one has, y(§) = —2 and D;(S =0, forany X € T'(TM").
Now, we want to understand better the position of the vector field o in M. As is
mentioned above, w? is, in general, a vector field on M, that is ot = Pof+ ﬁw WHw

wit[l\a,B # 0. Tts location, on either in T M’ or ™, depends on the smooth function
w(W). Therefore,

Lemma 3.10 Let (M, g, S(T M)) be a screen null hypersurface of an indefinite Ken-
motsu space form (M(c), g) with& € T(TM). Let M’ be a totally contact umbilical
leaf of S(T M) immersed in M as a non-degenerate submanifold. Then, the following
assertions are equivalent:

(i) The dual o of the differential form w in (3.26) is a vector field on M'.
(il) M’ is totally geodesic in M.
(iii) TM* @ tr(T M) is a Killing distribution on M.
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Moreover, .
Vyo® + E;/(X)wrI e(TM), VX el (TM). (3.38)

Proof Since M’ is totally contact umbilical, then, the equivalences follow the follow-
ing. By (3.30), the dual w® of the differential form w is a vector field on M’, i.e.,
§(a)u, VT/) = 0 if and only if a)(VT/) = 0. Now we prove (3.38). The curvature tensor
R of the g-compatible connection V is given by, for any X, ¥, Z € I'(TM’),

R(X,Y)Z=VxVyZ—-VyVxZ —VixnZ. (3.39)

Using the relation (3.34), one obtains,

- — 1 1
VxVyZ =DyDyZ — EV(X){D}Z —n(DyZ)§} — EV(D}Z){X —n(X)§}
1
+1{¢'(X, DyZ) — n(X)n(Dy 2)}o" — SXyNNZ —n(2)8)
1 — — 1
— VIV Z = X((Z))§ = n(2)Vx&} = X (y (ZN{Y —n(Y)§)

1 = —
— Y (DVxY = X(n(¥)E = n(¥)Vx§}

+{X ('Y, 2)) = X((Y)n(Z) — n(V)X ((2))}e*
+1{8'(Y, Z) = n(")n(2)}Vx o, (3.40)

and

— 1 1
Vix.v1Z = Dix y\Z — 5)’([X, YD{Z —n(2)§} - EV(Z){[X, Y] —n(X,Y]D§}

+1{g'(X, Y1, Z) — n(IX, YDn(D)}oF. (3.41)

Putting the pieces (3.40) and (3.41) together into (3.39), we get,

R(X.Y)Z =R (X,V)Z - }l{ym + 2Dy (X)(Y — n(Y)§)
—y (N (X — (X))} — dy (X, Y){Z — n(Z)&}
+ %{(D;(g’xx Z) — (Dyg) (X, 2)}o* — %(D’mZ{X — n(X)§}
- %(D&y)Z{Y — ()&} + %y(znnmx —n(X)Y}
+1{g'(Y, Z) = n("(Z2NVxf — g (X, Z) = n(X)n(2)}VyeF.
(3.42)
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Since the vector fields X, Y, and Z are all taken in M’, then, g-doting the relation
(3.42) with W and using (2.3), one has,

(g (X, Z) = n(X)N(DHZ(@*, Y)g(w*, W) + g(Vyw?, W)}
= (g (Y, Z) — ("D} (@, X)g(@, W) + 3(Vxa?, W)},

which implies
(5.1 t )Py — (Tt o ) AN
g Vyow —{—Ey(Y)a) ,WI)PX =¢g(|Vxw —|—§y(X)a) , W) PY, (3.43)

where P is a projection defined by P=pP-— n®E&.

Now suppose that there exists a vector field X on some neighborhood of M’ such
that E(ona)ﬁ + %y (Xo)w*, W) # 0 at some point p in the neighborhood. Then, from
(3.43) it follows that all vectors of the fiber (T M’ — (&))) , are collinear with (ﬁ X0) p-
This contradicts dim(T M’ — (£)), > 1, since (T M') — (£)), is a non-degenerate
distribution of rank 2n — 2, n > 2. Therefore, g(Vxw® + %y(X)wﬁ, VT/) = 0. This
completes the assertion (3.38). O

Let X and Y be vector fields on M’ satisfying [X, Y] = 0 at p. Then, we have for
any vector fields Z, W:

X(g(Z, W) = -y (X&' (Z, W) —n(Z)n(W)} + g (DX Z, W) + g'(Z, D\ W),
which implies

Y(X(g(Z, W) ==Yy X)N{g'(Z, W) —n(Z)n(W)}
+y X))y {8 (Z, W) = n(Z)n(W)}
—y(X)g'(DyZ, W) — y(X)g'(Z, Dy W)
+yXOn(W)Y((2)) + y (X)n(2)Y (n(W))
-y {g' (DY Z, W) — n(Dx Z)n(W)}
+ & (DyDYZ, W)+ g'(DxZ, DyW)
—y(N{g'(Z, DxW) — n(Z)n(Dx W)}
+¢'(DyZ, D\W) + g (Z, Dy D\ W), (3.44)

and obtain the formula for X (Y (g(Z, W))) by exchanging X and Y in (3.44). Sub-
tracting Y (X (g(Z, W))) from X (Y (g(Z, W))) yields

dy(X. Y){g'(Z. W) = n(Z)n(W)} = ¢ (R” (X. Y)Z. W) + g'(Z. R” (X. Y)W).

So,
2n—1

(n—Ddy(X.Y) = > ¢ (R”(X.Y)E;, Ey), (3.45)
i=1
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where {E;} is an orthonormal base at p with respect to g’. By the aid of the first
Bianchi identity (notice that the connection D’ is torsion-free so that the Bianchi
identity holds), we have

RP'(X,Y)E; = —RP' (v, E)X — RP(E;, X)Y, (3.46)
and therefore,
(n — )dy(X,Y) = Ric® (v, X) — Ric” (X, V), (3.47)
2n—1

where Ric?’ (X,Y) = Z g’(RD/(Ei, X)Y, E;) which is in line with the convention
i=1

(3.39).

Theorem 3.11 Let (M, g, S(T M)) be a screen integrable null hypersurface of an
indefinite Kenmotsu manifold (M, g) with& € T(TM). Let (M',C’, D) be an almost
Weyl leaf of S(TM) immersed in M as a non-degenerate submanifold. Then, for
g €/, the following assertions are equivalent:

() dyg =0,
(i) Ri c? s symmetric,
(iii) each point of M’ has a neighborhood on which D' is a torsion-free g'-compatible
linear connection for a certain metric g’ in C'.

The Theorem 3.11 shows that, under some conditions, the local triviality implies
that a locally symmetric integral manifolds of integrable screen distribution S(7' M)
of a null hypersurface (M, g, S(T M)) turns out to be locally semi-Riemannian.
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