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SCREEN PSEUDO-SLANT LIGHTLIKE
SUBMANIFOLDS OF INDEFINITE KAEHLER
MANIFOLDS

S.S. Shukla®™ and Akhilesh Yadav?

Abstract. In this paper we introduce the notion of screen pseudo-slant
lightlike submanifolds of indefinite Kaehler manifolds giving characte-
rization theorem with some non-trivial examples of such submanifolds.
Integrability conditions of distributions D1, D2 and Radl M on screen
pseudo-slant lightlike submanifolds of an indefinite Kaehler manifold have
been obtained. Further, we obtain necessary and sufficient conditions for
foliations determined by above distributions to be totally geodesic.
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1. Introduction

The theory of lightlike submanifolds of a semi-Riemannian manifold was intro-
duced by Duggal and Bejancu [3]. In [2], B.Y. Chen defined slant immersions in
complex geometry as a natural generalization of both holomorphic immersions
and totally real immersions. In [G], A. Lotta introduced the concept of slant
immersion of a Riemannian manifold into an almost contact metric manifold.
A. Carriazo defined and studied bi-slant submanifolds of almost Hermitian and
almost contact metric manifolds and further gave the notion of pseudo-slant
submanifolds [@]. On other hand, the theory of invariant, screen slant, screen
real, screen Cauchy-Riemann lightlike submanifolds have been studied in [@].
Thus motivated sufficiently, we introduce the notion of screen pseudo-slant
lightlike submanifolds of indefinite Kaehler manifolds. This new class of light-
like submanifolds of an indefinite Kaehler manifold includes invariant, screen
slant, screen real, screen Cauchy-Riemann lightlike submanifolds as its sub-
cases. The paper is arranged as follows. There are some basic results in section
2. In section 3, we study screen pseudo-slant lightlike submanifolds of an in-
definite Kaehler manifold, giving some examples. Section 4 is devoted to the
study of foliations determined by distributions on screen pseudo-slant lightlike
submanifolds of indefinite Kaehler manifolds.
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2. Preliminaries

A submanifold (M™,g) immersed in a semi-Riemannian manifold (Mm+n,§)

is called a lightlike submanifold [3] if the metric ¢ induced from g is degenerate
and the radical distribution RadT M is of rank r, where 1 < r < m. Let
S(TM) be a screen distribution which is a semi-Riemannian complementary
distribution of RadT' M in TM, that is

(2.1) TM = RadTM @open S(TM).

Now consider a screen transversal vector bundle S(TM=), which is a semi-
Riemannian complementary vector bundle of RadTM in TM=. Since for
any local basis {{;} of RadT' M, there exists a local null frame {N;} of sec-
tions with values in the orthogonal complement of S(TM=) in [S(T'M)]* such
that g(&, N;) = 6;; and g(N;, N;) = 0, it follows that there exists a lightlike
transversal vector bundle ltr(TM) locally spanned by {N;}. Let tr(T'M) be
complementary (but not orthogonal) vector bundle to TM in TM|y;. Then

(2.2) tr(TM) = ltr(TM) @ o, S(TM*),
(2.3) TM|y = TM & tr(TM),
(2.4) TM|n = S(TM) @oren, [RadTM @ ltr(TM)] Soren, S(TM™).

Following are four cases of a lightlike submanifold (M, g, S(T'M),S(TM™)):
Case.1l r-lightlike if r < min (m,n),

Case.2  co-isotropic if r =n <m, S (TM=*) = {0},

Case.3  isotropic if r =m < n, S(TM) = {0},

Case.d  totally lightlike if 7 = m =n, S(TM) = S(TM+) = {0}.

The Gauss and Weingarten formulae are given as

(2.5) VxY = VxY +h(X,)Y),

(2.6) VxV =—-Ay X + V4V,

forall X, Y e I(TM) and V € T'(tr(T'M)), where VxY, Ay X belong to I'(T'M)
and h(X,Y), V&V belong to T'(tr(T'M)). V and V! are linear connections on
M and on the vector bundle tr(TM), respectively. The second fundamental
form h is a symmetric F'(M)-bilinear form on I'(T'M) with values in I'(¢tr(TM))
and the shape operator Ay is a linear endomorphism of I'(T'M). From (E3H)
and (Z3), for any X,Y € T(TM), N € T(ltr(TM)) and W € T'(S(TM™)), we
have

(2.7) VxY =VxY +h (X,Y)+h* (X,Y),

(2.8) VxN = -AxX + V4N + D* (X,N),
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(2.9) VxW = —Aw X + VW + D' (X, W),

where h'(X,Y) = L (h(X,Y)), h*(X,Y) = S (W(X,Y)), D{(X,W) = L(VLW),
D5(X,N) = S(V5N). L and S are the projection morphisms of tr(T'M) on
ltr(TM) and S(TM™1), respectively. V! and V* are linear connections on
ltr(TM) and S(TM+*) called the lightlike connection and screen transversal
connection on M, respectively.

Now by using (2Z3), (E22)-(Z9) and metric connection V, we obtain

(2.10) g(h*(X,Y), W) +g(Y, D" (X, W)) = g(Aw X,Y),

(2.11) G(D*(X,N),W) = G(N, Aw X).

Denote the projection of TM on S(TM) by P. Then from the decomposition
of the tangent bundle of a lightlike submanifold, for any X,Y € I'(TM) and
& € I'(RadT' M), we have

(2.12) VxPY = V% PY + h*(X, PY),
(2.13) Vx€=—-A{X + V¥,

By using above equations, we obtain

(2.14) g(h' (X, PY),£) = g(AtX, PY),

(2.15) g(h*(X,PY),N) = g(ANX,PY),
(2.16) g(h'(X,€),6) =0, Az =0.

It is important to note that in general V is not a metric connection. Since V
is a metric connection, by using (E20), we get

(2'17) (VXQ)(Ya Z) = g(hl(X’ Y)’ Z) +§<hl(X7 Z)’ Y)

An indefinite almost Hermitian manifold (M,g,J) is a 2m-dimensional semi-
Riemannian manifold M with semi-Riemannian metric § of constant index g,
0 < g <2mand a (1, 1) tensor field J on M such that following conditions are
satisfied:

(2.18) T'X = —X,

(2.19) 9(JX,JY) =9g(X,Y),

for all X,Y € T'(TM). o
An indefinite almost Hermitian manifold (M, g, J) is called an indefinite Kaehler

manifold if .J is parallel with respect to V, i.e.,
(2.20) (VxJ)Y =0,

for all X,Y € I'(TM), where V is Levi-Civita connection with respect to g.
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3. Screen Pseudo-Slant Lightlike Submanifolds

In this section, we introduce the notion of screen pseudo-slant lightlike subman-
ifolds of indefinite Kaehler manifolds. At first, we state the following Lemma
for later use:

Lemma 3.1. Let M be a 2q-lightlike submanifold of an indefinite Kaehler
manifold M of index 2q such that 2q < dim(M). Then the screen distribution
S(TM) of lightlike submanifold M is Riemannian.

The proof of above Lemma follows as in Lemma 3.1 of [G], so we omit it.

Definition 1. Let M be a 2¢-lightlike submanifold of an indefinite Kaehler
manifold M of index 2q such that 2¢ < dim(M). Then we say that M is a
screen pseudo-slant lightlike submanifold of M if the following conditions are
satisfied:

(i) RadT M is invariant with respect to J, i.e. J(RadT M) = RadT M,

(ii) there exists non-degenerate orthogonal distributions D; and Dy on M such
that S(TM) = D1 Dorth DQ,

(iii) the distribution D; is anti-invariant, i.e. JD; C S(TM™),

(iv) the distribution D, is slant with angle 6(# 7/2), i.e. for each x € M
and each non-zero vector X € (Dz),, the angle § between JX and the vector
subspace (Ds), is a constant(# 7/2), which is independent of the choice of
x € M and X € (D3),.

This constant angle 6 is called the slant angle of distribution Ds. A screen
pseudo-slant lightlike submanifold is said to be proper if Dy # {0}, Dy # {0}
and 0 # 0.

From the above definition, we have the following decomposition
(3.1) TM = RadT' M @orin D1 ®oreh, Do.

In particular, we have
(i) if D1 =0, then M is a screen slant lightlike submanifold,
(ii) if Dy =0, then M is a screen real lightlike submanifold,
(iii) if D; =0 and 6 = 0, then M is an invariant lightlike submanifold,
(iv) if D1 # 0 and 6 = 0, then M is a screen CR-lightlike submanifold.
Thus the above new class of lightlike submanifolds of an indefinite Kaehler
manifold includes invariant, screen slant, screen real, screen Cauchy-Riemann
lightlike submanifolds as its sub-cases which have been studied in [d].
Let (R3",9, J) denote the manifold R37" with its usual Kaehler structure given
by

g=1(-27 dz' @dz’ + dy' @ dy' + Z;’;qﬂ de' @ dx' + dy' @ dy?),

T (Xi0z; 4 Yi0y:)) = ik (Yidwi — Xi0y:),
where (2%,y") are the cartesian coordinates on Rg;”. Now, we construct some
examples of screen pseudo-slant lightlike submanifolds of an indefinite Kaehler
manifold.
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Example 1. Let (Ri%,g,J) be an indefinite Kaehler manifold, where g is
of signature (—,+,+,+,+,+, —,+,+,+,+,+) with respect to the canonical
basis {9z, 0xa, 013, Oxy, Ox5, 6, OY1, OY2, OY3, OYs, OYs, OYs }.
Suppose M is a submanifold of Ri? given by 2! = y? = uy, 22 = —y! = uo,
23 = uscosfB, y3 = ussinf, z* = wysinB, y* = wscosfB, z° = uscosh,
y® = ug cos b, £8 = ugsin, y% = ussiné.
The local frame of TM is given by {Z1, Za, Z3, Z4, Zs, Zs }, where

1= 2(8.131 + Byg), Ly = 2(8%‘2 — 82{1),

Z3 = 2(cos f0x3 + sin 80y3), Z4 = 2(sin fOx4 + cos fOya),

Z5 = 2(cos 00xs5 + sin 00yg), Zs = 2(sin 00xe + cos 00ys).
Hence RadTM = span{Zy,Z>} and S(TM) = span{Zs, Z4, Zs5, Zs }.
Now Itr(TM) is spanned by N; = —0x1 +0ya, No = —0xy —y;. S(TM™)
is spanned by

W1 = 2(sin f0x3 — cos B0ys3), Wa = 2(cos B0x4 — sin B0y,),

W3 = 2(sin 0z5 — cos 80yg), Wy = 2(cos 80x¢ — sin 80ys).
It follows that JZ, = Zy and JZy = —Z;, which implies that RadTM is
invariant, i.e. JRadT M = RadTM. On the other hand, we can see that D; =
span{Zs, Z4} such that JZ3 = Wy and JZ; = Wy, which implies that D; is
anti-invariant with respect to J and Dy = span {Zs,Zs} is a slant distribution
with slant angle 26. Hence M is a screen pseudo-slant 2-lightlike submanifold
of RE2.
Example 2. Let (Ri%,g,J) be an indefinite Kaehler manifold, where g is
of signature (—,+,+,+,+,+,—, +,+,+,+,+) with respect to the canonical
basis {0z, 0xa, 023, Oxy, Ox5, 6, OY1, OY2, OYs, OYs, OYs, Oys }.
Suppose M is a submanifold of R}? given by z! = wy, y' = —ug, 2% =
—uycosa — ugsina, y2 = —upsina + ugcosa, =3 = y* = uz, zt = Y3 = uy,
x° = usz cosug, y° = ussinug, 2% = cosus, y® = sinus.
The local frame of TM is given by {Z1, Za, Z3, Z4, Z5, Zs }, where

71 = 2(0x1 — cos adzrg — sin adys),

Zy = 2(—0y; — sin adzy + cos adys),

Z3 =2(0z3 + Oys),  Zs = 2(0w4 + Oys3),

Z5 = 2(cos ugdxs + sin ugdys — sin usOxg + cos usOys ),

Zs = 2(—us sin ugdxs + us cos ugdys ).
Hence RadTM = span{Z1,Zs} and S(T'M) = span{Zs, Z4, Z5, Zs}.
Now Iltr(TM) is spanned by N; = —0x1 — cos adzy — sin adys, No = Jy; —
sin adxy + cos adys. S(T M) is spanned by

W1 = 2(8333 — 8y4), W2 = 2(6%‘4 - 8y3),

W5 = 2(cos ugOxs + sinugdys + sin usO0xg — cos usdys),

Wy = 2(us cos us0xg + us sin us9ye).
It follows that JZ; = Z5 and JZ, = —Z;, which implies that RadTM is
invariant, i.e. JRadTM = RadT M. On the other hand, we can see that D; =
span{Zs, Z4} such that JZ3 = Wy and JZ, = Wy, which implies that D; is
anti-invariant with respect to J and Do = span {Zs, Zg} is a slant distribution
with slant angle 7/4. Hence M is a screen pseudo-slant 2-lightlike submanifold
of RE2.
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Now, for any vector field X tangent to M, we put JX = PX+FX, where PX
and F'X are tangential and transversal parts of J X, respectively. We denote the
projections on RadT M, D, and Ds in TM by Py, P> and Ps, respectively. Si-

milarly, we denote the projections of tr(TM) on ltr(TM), J(D1) and D" by @,
()2 and @3, respectively, where D' is non-degenerate orthogonal complementary
subbundle of J(D;) in S(TM*). Then, for any X € I'(TM), we get

(3.2) X =PX+PX+PX.

Now applying J to (82), we have

(3.3) JX =JPX + JPX + JPX,
which gives

(3.4) JX = JP X +JPX + fP3X + FP3X,

where fP;X (resp. FP3X) denotes the tangential (resp. transversal) com-
ponent of JP3X. Thus we get JPi1X € I'(RadTM), JP,X € T'(J(D;)) C
L(S(TM?1)), fP3X € T(D2) and FP3X € T'(D'). Also, for any W € T'(tr(TM)),

we have

(3.5) W =@Q1W + Q2W + QsW.
Applying J to (BH), we obtain

(3.6) JW = JQIW 4+ JQaW + JQ3W,
which gives

(3.7 JW = JQ1W + JQ2W + BQsW + CQ3W,

where BQsW (resp. CQ3W) denotes the tangential (resp. transversal) com-
ponent of JQ3W. Thus we get JQ1W € [(itr(TM)), JQ.W € T(Dy),
BQsW € I'(Dy) and CQsW € (D).

Now, by using (2=20), (84), (B22) and (227)-(E9) and identifying the compo-

nents on RadT M, Dy, Dy, ltr(TM), J(D;1) and D’, we obtain

VYIPY + Pi(Vx fPY) =Pi(App,y X) + P1(Ajp, X)

. +JPVyY,
(39) Py(A%,  X) + Pa(Agp,y X) + fQ(AFpﬂX) = Py(Vx fP5Y)
—JQsh(X,Y),
(3.10) P3(A%P1YX)+P3(A7P2YX) + P3(App,y X) = P3s(Vx fP3Y)
— [P(VxY) - BQsh*(X,Y),
(3.11) WX, TPY) + DX, TPY) + h (X, fP3Y) + D (X, FPsY)

= Jh'(X,Y),
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Q2V%IPY + QoVS FPY = JP,VxY — Q20 (X, JPY)
— Qb (X, fPY),
Q3V% IPY +Q3V5X FPY — FPsVxY = CQ3h*(X,Y)
— Q3h*(X, fP3Y) — Q3h*(X, JPY).

(3.12)

(3.13)

Theorem 3.2. Let M be a 2q-lightlike submanifold of an indefinite Kaehler
manifold M. Then M is a screen pseudo-slant lightlike submanifold of M if
and only if

(i) ltr(TM) is invariant and D is anti-invariant with respect to J,

(ii) there exists a constant X € (0,1] such that P2X = —\X.
Moreover, there also exists a constant p € [0,1) such that BFX = —pX, for
all X € T(Ds), where Dy and Dy are non-degenerate orthogonal distributions
on M such that S(TM) = Dy @oren D2 and X = cos? 0, 0 is slant angle of Ds.

Proof. Let M be a screen pseudo-slant lightlike submanifold of an indefinite
Kaehler manifold M. Then D; is anti-invariant and RadTM is invariant with
respect to J. For any N € I'(ltr(TM)) and X € I'(S(TM)), using (ZZ19) and
(83), we obtain G(JN,X) = —g(N,JX) = —g(N,JP X + fP3X + FP3X) =
0. Thus JN does not belong to I'(S(TM)). For any N € I'(ltr(TM)) and
W e T(S(TM+1)), from (Z9) and (B22), we have g(JN, W) = —g(N, JW) =
—G(N, JQoW + BQsW + CQ3W) = 0. Hence, we conclude that JN does not
belong to I'(S(TM1)).

Now suppose that JN € I'(RadTM). Then J(JN) = T’N=-Ne¢ L(itrTM),
which contradicts that RadTM is invariant. Thus ltr(TM) is invariant with
respect to J. Now for any X € I'(Dy) we have |[PX| = |JX| cos #, which implies

(3.14) cosf = =—.

In view of (B1d), we get cos?f = ‘€X|22 = g(]jX,fX) = 9(xX, ij)7 which
[JX[2 g(UX,JX)  ¢(X,T X)

gives
(3.15) 9(X, P2X) = cos2 0 g(X, T X).

Since M is a screen pseudo-slant lightlike submanifold, cos? § = A(constant) €
(0,1] and therefore from (BIH), we get g(X, P?X) = A\g(X, jzX) =g(X, )\jQX),
which implies

(3.16) g(X, (P2 = XTHX) =0.

Since (P? — /\72)X € T'(D3) and the induced metric ¢ = ¢g|p,xp, is non-
degenerate (positive definite), from (BI8), we have (P? — )JQ)X = 0, which
implies

(3.17) P2X = \T°X = —\X.
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Now, for any vector field X € I'(Ds), we have
(3.18) JX = PX + FX,

where PX and F'X are tangential and transversal parts of JX, respectively.
Applying J to (BIR) and taking tangential component, we get

(3.19) — X = P*X + BFX.

From (BT1) and (BTY), we get

(3.20) BFX = —uX, VX eD(Dy),

where 1 — A = p(constant) € [0,1). This proves (ii).

Conversely suppose that conditions (i) and (ii) are satisfied. We can show that

RadT M is invariant in similar way that {tr(TM) is invariant. From (819), for
any X € I'(D3), we get

(3.21) - X =P?’X — uX,

which implies

(3.22) P2X = -)\X,
where 1 — = A(constant) € (0, 1].

_ 9(UX.PX) _ _g(X.JPX) _ _g(X,P?X) _ _g(X.J°X) _ yg(UX,JX)
Now cos 6 = TX1PX| . IXPX| . ux|px| . uxiex| -~ NIXPX|

From above equation, we get

[JX|
2 0= ——.
(3.23) cos )\| PX|
Therefore (BId) and (B23) give cos? § = \(constant).
Hence M is a screen pseudo-slant lightlike submanifold. O

Corollary 3.1. Let M be a screen pseudo-slant lightlike submanifold of an
indefinite Kaehler manifold M with slant angle 0, then for any X,Y € I'(Ds),
we have

(i) g(PX,PY) = cos? 0 g(X,Y),

(ii) g(FX,FY) =sin” 0 g(X,Y).

The proof of above Corollary follows by using similar steps as in proof of Corol-
lary 3.2 of [H].

Theorem 3.3. Let M be a screen pseudo-slant lightlike submanifold of an
indefinite Kaehler manifold M. Then RadTM is integrable if and only if

(i) Q2h*(Y, JP1X) = Q2h°(X, JP1Y),

(ii) Qsh*(Y,JP1X) = Qsh*(X,JPY),

(iii) PyA%, Y = PyA% X, for all X,Y € T(RadTM).
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Proof. Let M be a screen pseudo-slant lightlike submanifold of an indefini-
te Kaehler manifold M. Let X,Y € I'(RadTM). From (BI2), we have
Q2h*(X,TPY) = TP,V Y, which gives Qoh*(X, TP1Y) — Qh*(Y, TP X) =
JP,[X,Y]. Inview of (BI3), we get Q3h* (X, JPY) = CQ3h*(X,Y)+FPVxY,
which implies Q3h*(X,JPY) — Q3h*(Y,JPX) = FP[X,Y]. Also from

(&Im), we have p3A*7plyX = fP3VxY+BQ3sh*(X,Y), which gives P3A§p1yX*
PgA*jP1 Y = fP3[X,Y]. Thus, we obtain the required results. O

Theorem 3.4. Let M be a screen pseudo-slant lightlike submanifold of an
indefinite Kaehler manifold M. Then Dy is integrable if and only if

(Z) PlAjPzXY = PlAjPQYX and P3AjP2XY = PgAjP2yX7

(ZZ) Q3(V§/7P2X) = Qg(V%jPQY), fO?” all X, Y e F(D1)

Proof. Let M be a screen pseudo-slant lightlike submanifold of an indefinite
Kaehler manifold M. Let X,Y € I'(Dy). From (BR), we have P1Ajp X =
—JP,VxY, which gives P1A7P2XY — P1A7P2YX = JP[X,Y]. In view of
(B1M), we obtain PsAgpy X + BQsh*(X,Y) = —fP3sVxY, which implies
P3Agp, xY —=P3A5p X = fP3[X,Y]. Also from (B13), we get Q3(Vi J Y )+
CQ3h*(X,Y) = —FP3VxY, which gives Q3(V5JPX) — Q3(V5JPY) =
FPs[X,Y]. This proves the theorem. O

Theorem 3.5. Let M be a screen pseudo-slant lightlike submanifold of an
indefinite Kaehler manifold M. Then Do is integrable if and only if

(i) PLI(Vx fPsY —Vy [P3X) = Pi(Arp,y X — App,xY),

(1)) Qa(V4 FPY — V5 FPsX) = Q2(h°(Y, fP3X) — h* (X, fPY)),
for all X, Y € T'(Dy).

Proof. Let M be a screen pseudo-slant lightlike submanifold of an indefinite
Kaehler manifold M. Let X,Y € I'(D5). In view of (BX), we get P;(Vx fPY)
=P (AFpst)—tjpleY, thus Pl(vaPP,Y)—Pl (VnygX)—Pl (AFP3yX)—|—
Py(App,xY) = JP[X,Y]. From (BI2), we get QoV FP3Y +Quh®(X, fP5Y)
= JP,VxY, which implies QaV%FPY — Q2Vs FP3X + Qah*(X, fP3Y) —
Q2h*(Y, fP;X) = JP2[X,Y]. This concludes the theorem. O

Theorem 3.6. Let M be a screen pseudo-slant lightlike submanifold of an
indefinite Kaehler manifold M. Then the induced connection V is a metric
connection if and only if

(i) JQ2h*(X,Y) =0 and BQsh*(X,Y) =0,

(i1) A} vanishes on T'(TM), for all X e T(TM) and Y € T'(RadT M).

Proof. Let M be a screen pseudo-slant lightlike submanifold of an indefinite
Kaehler manifold M. Then the induced connection V on M is a metric con-
nection if and only if RadT'M is a parallel distribution with respect to V [G].
From (E77), (E13) and (2Z20), for any X € I'(TM) and Y € I'(RadT M), we
have VxJY = JV3Y — JAL X + JhY(X,Y) + JQ2h%(X,Y) + JQ3h*(X,Y).
On comparing tangential components of both sides of the above equation, we
get VxJY = JVRY —JAL X +JQ2h%(X,Y)+BQsh?*(X,Y), which completes
the proof. O
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4. Foliations Determined by Distributions

In this section, we obtain necessary and sufficient conditions for foliations de-
termined by distributions on a screen pseudo-slant lightlike submanifold of an
indefinite Kaehler manifold to be totally geodesic.

Definition 2. A screen pseudo-slant lightlike submanifold M of an indefinite
Kaehler manifold M is said to be a mixed geodesic screen pseudo-slant lightlike
submanifold if its second fundamental form h satisfies A(X,Y) = 0, for all
X € I'(Dy) and Y € T'(D2). Thus M is mixed geodesic screen pseudo-slant
lightlike submanifold if A/(X,Y) = 0 and h*(X,Y) = 0, for all X € I'(D;) and
Y € I'(Dy).

Theorem 4.1. Let M be a screen pseudo-slant lightlike submanifold of an in-
definite Kaehler manifold M. Then RadT M defines a totally geodesic foliation
if and only if g(DY(X, P,Z) + DX, FP3Z),JY) = —g(h'(X, fP3Z), JY), for
all X, Y € T'(RadT M) and Z € T(S(TM)).

Proof. Let M be a screen pseudo-slant lightlike submanifold of an indefinite
Kaehler manifold M. To prove the distribution RadTM defines a totally
geodesic foliation, it is sufficient to show that VxY € I'(RadT'M), for all
X,Y € T'(RadTM). Since V is a metric connection, using (222), (Z19),
(M) and (BA), for any X, Y € I'(RadTM) and Z € T'(S(TM)), we get
9(VxY,2) = —g(Vx(JP2Z + fPsZ + FP3Z),JY), which gives g(VxY, Z) =
—g(DY (X, JPZ)+h (X, fPsZ)+ DX, FP3Z), JY). This completes the proof.

O

Theorem 4.2. Let M be a screen pseudo-slant lightlike submanifold of an
indefinite Kaehler manifold M. Then D defines a totally geodesic foliation if
and only if

(i) (h* (X, £ 2), V) = —g(V4 FZ,TY),

(i) D°(X,JN) has no component in J(D1),
for all X, Y € T(Dy), Z € T(Ds) and N € T'(ltr(TM)).

Proof. Let M be a screen pseudo-slant lightlike submanifold of an indefinite
Kaehler manifold M. It is easy to see that the distribution D; defines a totally
geodesic foliation if and only if VxY € I'(Dy), for all X,Y € I'(Dy). Since V is
a metric connection, using (E74), (ZZT9) and (E=20), for any X,Y € I'(D;) and
Z € T(Dg), we obtain g(VxY, Z) = —g(VxJZ,JY), which gives g(VxY, Z) =
g(h*(X, fZ)+ V% FZ,JY). Now, from (E2), (Z19) and (2220), for all X,Y €
[(D;) and N € T'(itr(TM)), we get g(VxY,N) = —g(JY,VxJN), which
implies §(VxY,N) = —g(JY, D*(X,JN)). Thus, the theorem is completed.

O

Theorem 4.3. Let M be a screen pseudo-slant lightlike submanifold of an
indefinite Kaehler manifold M. Then Dy defines a totally geodesic foliation if
and only if

(i) G(fY, A7, X) = §(FY, V5T Z),

(”) g(fy, AjNX) =g(FY,D*(X, JN));
for all X, Y € T(Ds), Z € T(Dy) and N € T'(ltr(TM)).
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Proof. Let M be a screen pseudo-slant lightlike submanifold of an indefinite
Kaehler manifold M. Then the distribution D, defines a totally geodesic fo-
liation if and only if VxY € T'(Dsg), for all X,Y € I'(Dy). Since V is a
metric connection, using (EZ4), (E19) and (E220), for any X,Y € T'(D3) and
Z € T(Dy), we get g(VxY,Z) = —g(JY,VxJZ), which gives g(VxY,Z) =
9(fY,A5,X) — g(FY,V5%JZ). In view of (Z1), (219) and (2=20), for any
X,Y €I'(D3) and N € I'(ltr(TM)), we obtain g(VxY,N) = —g(JY,VxJN),
which implies g(VxY,N) = g(fY, A5y X) — g(FY, D*(X, JN)). Thus, we ob-
tain the required results. O

Theorem 4.4. Let M be a mized geodesic screen pseudo-slant lightlike subma-
nifold of an indefinite Kaehler manifold M. Then D, defines a totally geodesic
foliation if and only if V5 FZ and D*(X,JN) have no components in J(D1),
forall X e I'(Dy1), Z € I'(D3) and N € I'(itr(TM)).

Proof. Let M be a mixed geodesic screen pseudo-slant lightlike submanifold of
an indefinite Kaehler manifold M. Then the distribution D; defines a totally
geodesic foliation if and only if VxY € T'(Dy), for all X,Y € I'(Dy). Since V is
a metric connection, using (E74), (EZT9) and (2Z20), for any X,Y € I'(D;) and
Z € T(Dy), we get g(VxY,Z) = —g(JY,VxJZ), which gives g(VxY,Z) =
—g(V&FZ + h*(X, fZ),JY). Now, from (Z2), (Z09) and (Z20), for any
X,Y € T(D;) and N € I'(itr(TM)), we obtain g(VxY,N) = —g(JY,VxJN),
which implies g(VxY, N) = —g(JY, D*(X, JN)). This concludes the theorem.

O

Theorem 4.5. Let M be a mixed geodesic screen pseudo-slant lightlike sub-
manifold of an indefinite Kaehler manifold M. Then the induced connection V
on S(TM) is a metric connection if and only if

(i) g(fW, A5 . 2) = g(FW, h*(Z, J€)),

(ii) h* (X, J€) has no component in J(Dy),
forall X e T'(Dy), Z,W € T'(D3) and £ € T(RadTM).

Proof. Let M be a mixed geodesic screen pseudo-slant lightlike submanifold of
an indefinite Kaehler manifold M. Then h!(X,Z) = 0, for all X € I'(D;)
and Z € I'(D3). Since V is a metric connection, using (2=7), (ZI9) and
(z=2m), for any X,Y € I'(D;) and ¢ € T'(RadT M), we obtain g(h!(X,Y),€) =
—g(JY,VxJE), which implies g(h!(X,Y), &) = —g(JY,h*(X, JE)). In view
of (E22), (M) and (), for any Z, W € I'(Ds) and £ € T'(RadT M), we
get g(hl(zv W), ¢) = 7§(fW77VZJ§) —g(FW,h*(Z, J€)), thus g(hl(zv W),6) =
g(fw, A*ng) —g(FW,h%(Z,JE)). This completes the proof.
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