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Our focus is on the existence of certain structures and
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on pseudo-slant submanifolds of a nearly é-Lorentzian

trans-Sasakian manifold.

MSC:
53C15, 563C25

1. INTRODUCTION

While B.Y. Chen [6] defined slant submanifolds as a natural generalization of both holo-
morphic and fully real immersions, the differential geometry of slant submanifolds has re-
vealed a growing development. These slant submanifolds in nearly Hermitian manifolds have
been researched by numerous authors lately. A. Lotta [5] developed the concept of slant
submanifolds of a Riemannian manifold into an almost contact metric manifold. Slant sub-
manifolds of Sasakian manifolds were defined by L.J. Cabrerizo et al. in [10]. N. Papaghuic
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[17] introduced and explored the concept of nearly Hermitian manifolds with semi-slant sub-
manifolds. In [3], A. Carriazo defined hemi-slant submanifold. V. A. Khan and colleagues
also define the contact version of the pseudo-slant submanifold in a Sasakian manifold in
[20]. In [4, 8], authors studied the pseudo-slant submanifold in nearly (e, d) trans- Sasakian
manifolds and nearly quasi-Sasakian manifolds with connection.

However, Lorentzian para-Sasakian manifolds are a particular kind of almost para-contact
metric manifold. The Lorentzian para-Sasakian manifolds concept was first presented by K.
Matsumoto [12] in 1989. Subsequently, I. Mihai and R. Rosca [7] separately presented the
same idea and produced multiple outcomes on these manifolds. K. Matsumoto, I. Mihai [13],
and others have also investigated Lorentzian para-Sasakian manifolds. A more general idea
is a nearly d-Lorentzian trans Sasakian manifold [18]. We explore the nearly J- Lorentzian
trans Sasakian manifold in the current paper. There are significant applications to relativity
and conformal mapping, as well as good interaction with other areas of mathematics for

nearly - Lorentzian trans Sasakian manifolds.

2. PRELIMINARIES

A n-dimensional differentiable manifold M has a 6- almost contact metric structure
(f,& v, <,>,0) if it admits a tensor field f of type (1, 1), a vector field £, a 1-form v and an
indefinite metric <, > satisfying the adherants affinity situations

(2.1) fPU=U+vU)E, v(E)=-1, <E£E>=—4,
(2.2) v(U)=6<U¢&>, fE=0, v(f)=0,
(2.3) < fU fV >=< U,V > +v(U)w(V), < fUV >=<U,fV >,

for all vector fields U,V tangent to M, where 62 = 1, so that § = +1.
A §-almost contact manifold with sructure (f, &, v, <,>,9) is said to be d-Lorentzian trans-

Sasakian manifold M if it satisfies the conditions
(2.4) (?Uf)V =af{< UV >¢(—-w(V)U}+ B{< fU,V > —=6v(V)fU},
for some smooth functions a and 3, 6 = +1.

Definition 2.1. If (Vyf)V + (Vv )U = a{2 < U,V > £ —v(V)U — sv(U)V} + B{2 <
fUV > €—06v(V)fU —6v(U)fV}, then the manifold on (M, f, &, v, <,>,d) is called nearly
d-Lorentzian trans Sasakian manifold.

From Definition 2.1, we have

(2.5) Vué = —dafU — Bof2U,

(2.6) (Vor)V =a < fUV >+B < fU, fV >.

Definition 2.2. We say that M is a submanifold of a nearly §- Lorentzian trans Sasakian
manifold M if for each non-zero vector X tangent to M at x, the angle 0(z) € [0,7/2],
between ¢ X and T'X is called the slant angle or the Wirtinger angle of M. If the slant angle
is constant for each X € I'(T'M) and = € M, then the submanifold is also called the slant
submanifold. If § = 0, the submanifold is invariant submanifold. If § = 7/2 then it is called

anti-invariant submanifold. If 6(z) € (0,7/2), then it is called proper-slant submanifold.
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Now, Gauss equation for M in (M, V) is

(2.7) VoV =VyV +h(U,V),

and Weingarten formulas are given by

(2.8) VuN = —AnU + ViN,

for U,V € TM and N € T*M. Moreover, we have

(2.9) <ANU,V >=< h(X,Y),N >.
For any U € TM and N € T+M, we write

(2.10) fU=TU+NU (TU€TM and NU € T*M),

(2.11) ¢N =tN +nN (N c€TM and nN cT+M).

Now, we will give the definition of pseudo-slant submanifold which are a generalization of

the slant submanifolds.

Definition 2.3. Let M be a pseudo-slant submanifold of nearly d- Lorentzian trans Sasakian
manifold M, then there exist two orthogonal distributions Dy and D+ on M such that

(a) TM admits the orthogonal direct decomposition TM = D+ @ Dy, & € T'(Dy).

(b) The distribution D+ is anti-invariant i.e., (D) C T+ M.

(c) The distribution Dy is a slant with slant angle 6 # 0, 7/2, that is, the angle between Dy
and ¢(Dy) is a constant.

From above, if # = 0, then the pseudo-slant submanifold is a semi invariant submanifold
and if § = w/2, submanifold becomes an anti- invariant.
Suppose M is a pseudo-slant submanifold of nearly §- Lorentzian trans Sasakian manifold
M and we denote the dimensions of distributions D and Dy by ¢; and ¢, respectively, then
we have the following cases:
(a) If ca = 0, then M is an anti-invariant submanifold.
(b) If ¢; = 0 and € = 0, then M is an invariant submanifold.
(¢c) If 4 =0 and 0 # 0, then M is a proper slant submanifold with slant angle 6.
(d) If ¢1.co # 0 and 6 € [0,7/2] then M is a proper pseudo-slant submanifold.

The submanifold M is invariant if N is identically zero. On the other hand, M is anti-

invariant if P is identically zero. From (2.1) and (2.10), we have
(2.12) <UTV >=—-<TU,V >,
for any U,V € TM. If we put Q = T2 we have

(2.13) (VuQ)V =VyQV — QVyV,
(2.14) (VuT)V =VyTV —TVyV,
(2.15) (VuN)V = VENV — NV,

for any U,V € TM. In view of (2.7) and (2.10), it follows that
(2.16) Vué = —3aTU — BSU — Bén(U)E,
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(2.17) WU, &) = —5aNU.

The mean curvature vector H of M is given by

n

1 1
2.18 H=—-t h)=—) hieiei),
(2.18) nrace() nz (e, €i)

i=1
where n is the dimension of M and eq,es,...,e, is a local orthonormal frame of M. A

submanifold M of an contact metric manifold M is said to be totally umbilical if
(2.19) hU,V)=< UV > H,

there H is a mean curvature vector. A submanifold M is said to be totally geodesic if
h(U,V) =0, for each U,V € I'(PM) and M is said to be minimal if H = 0.

3. PSEUDO-SLANT SUBMANIFOLDS OF NEARLY J-LORENTZIAN TRANS SASAKIAN
MANIFOLD

The purpose of this section is to study the existence of pseudo-slant submanifolds of nearly

O-Lorentzian trans Sasakian manifold.

Theorem 3.1. A (M, f,&,v,<,>,d) has submanifold of a nearly §-Lorentzian trans Sasakian
manifold such that & € TM then M is a slant if and only if there exists a constant A € [0, 1]
such that

(3.1) T? = MI+n@¢),

moreover in such a case if 0 is the slant angle of M, then \ = cos>6.

Corollary 3.2. A (M, f,&,v,<,>,0) has slant submanifold of nearly 0-Lorentzian trans

Sasakian manifold M with slant angle 0, then we have

(3.2) <TU,TV >= cos*0 < fU, fV >,

(3.3) < NU,NV >= sin?0 < fU, fV >,
where U,V € T'(TM)

From now on, we consider a nearly J-Lorentzian trans Sasakian manifold M and a proper

pseudo slant submanifold M. Any vector U tangent to M can be written as
(3.4) U=PU+ RU+v{U,

where PiU and P,U belong to the projections D' and Dy respectively. Now taking f on
both sides of equation (3.4), we obtain

fX =fPU+ fRU,

that is,
(3.5) TU + NU = NPU +TPRU + NRU,
(3.6) TU =TPRU, NU=NPU+NPRU and

(3.7) fPU = NPU, fPU=TPU+ NP,
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(38) ThU = 0, ThU € F(D@).

If we denote the orthogonal complementary of fT'M in DM by p, then the normal bundle
T+ M can be decomposed as follows

(3.9) T+M = N(D*) @ N(Dy) @ p,

where p is an invariant sub bundle of T+M as N (D) and N(Dy) are orthogonal distribution
on M. Indeed, < W,U >= 0 for each W € I'(D+) and U € I'(Dy). Thus, by equation (2.1)

and (3.8), we can write
(3.10) < NW,NU >=< fW, fU >=< W,U >=0,

that is, the distributions N(D+) and N(Dg) are mutually perpendicular. In fact, the de-
composition (3.9) is an orthogonal direct decomposition.

4. TOTALLY UMBILICAL PSEUDO-SLANT SUBMANIFOLDS OF NEARLY 6-LORENTZIAN
TRANS SASAKIAN MANIFOLD

We begin with the following Theorem
Theorem 4.1. A (M, f,£&,v,<,>,68) has totally umbilical proper pseudo-slant submanifold

of nearly §-Lorentzian trans Sasakian manifold, then M is eithor totally geodesic submanifold
or it is an anti-invariant if H, Vi H € T'(u).

Proof. Since the ambient space is nearly J- Lorentzian trans Sasakian manifold, for any
W e I'(TM), by using (2.3), we have
(4.1) VwfW — fVyW = o{<W,W >¢—5u(W)W}
+o{< fW,W > & —ov(W)fW}.
With the help of equations (2.7), (2.9), (2.10), (2.16) and (4.1), we deduce
(4.2) VwTW = —<W,TW > H + AywW — Vi NW
+fVyW+ < W, W > fH+a{< W, W >¢
—ov(WYW} + B{< fW,W > & - Sv(W) fIV}.
Applying product fH to the above equation we get
(4.3) <VigNW,fH> = < NVwW,fH>+<W,W > |H|?
+a< W, W >< N fH >
—B{ov(W) < NW, fH >
— < NW,W >< N¢, fH >},
taking into account (2.8), we get
(4.4) < ViyNW, fH >=<W,W > ||H|?.
Now, for any W € I'(T'M), we obtain
(4.5) (Vwf)H =VwfH — fVwH.
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In view of (2.8), (2.10), (2.11), (2.19) and (4.5) we obtain
(4.6) ~AygW = Vi fH+ (Vwf)H - TAgW
~NAgW + tViy H + nViy, H.
Applying product NW to the above equation, we get
(4.7) <VwfH,NW > = < (Vwn)H +h(tH,W)
+NAgW,NW > — < NAgW,NW > .
By using (2.9), (2.19) and (3.3), we have
< VwfH,NW >= sin*0{< W,W > |H|*+ < h(W,€), H > v(W)}.
From (2.17), we obtain
(4.8) < VwNW, fH >= sin*0{< W,W > || H|*}.
Thus, (4.4) and (4.7) imply
(4.9) cos*0 < W, W > || H||* = 0.

In such case H = 0 and it is minimal. We can state, that eithor M is totally geodesic or it

is an anti-invariant submanifold. O

Theorem 4.2. A (M, f,&,v,<,>,8) has totally umbilical pseudo-slant submanifold of nearly
§-Lorentzian trans Sasakian, then at least one of the following statements is true, (i) dim(DY) =
1, (i) He'(n) and (i) M is proper pseudo-slant submanifold.

Proof. Suppose W € T'(D+) and the definition of nearly J-Lorentzian trans Sasakian we
conclude that

(Vw W = af{<W,W >&—0v(W)W}+ B{< fW,W > ¢
—ov(W)fW.
From the last equation, we have
(4.10) —AnwW = th(W,W) 4+ a{< W,W > P{¢ —v(W)W}
+8{<TW,W > & — v (W)TW}.
Taking the product by X € I'(D1), we obtain
< ANwW +th(W, W) + a{< W, W > P{ —v(W)W}
+{<TW,W > P¢, —ov(W)TW, X >} =0
It implies that
(4.11) <h(W,X),NW > = —<th(WW),X >
+a{dv(W) < W, X >
— < W, W >< P§, X >}
+5{v(W) <TW, X >
—<TW,W >< P&, X >}.
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Since M is totally umbilical submanifold, we obtain

(4.12) <W, X ><H,NW > = —<WW><tH X >
—a{< W, W >< P, X >
—ov(W) < W, X >}
+8{< P§, X >< W, TW >
—ov(W) < W, TX >}.

that is

(4.13) —<tHW>X = —<tH X>W-—-a<P{X>W
+8{< P&, X >TW — 6u(W)TZ}
+adv(W)Z.

Here tH is either zero or W and Z are linearly dependent vector fields. If tH # 0, then the
vectors W and Z are linearly independent and dimI'(D*+) = 1.

Otherwise tH = 0 i.e. H € I'(p1). Since Dy # 0, M is pseudo-slant submanifold. Since 6 # 0
and cj.co # 0, M is proper pseudo-slant submanifold. O

Theorem 4.3. A (M, f,&,v,<,>,8) has totally umbilical proper pseudo-slant submanifold
of nearly §- Lorentzian trans Sasakian manifold, then at least one of the following statements
18 true;

(i) H € p,

(ii) < Vrw&, W >=0,

(iii) v(VwT)W >=0,

(iv) M is a anti-invariant submanifold.

(v) If M proper slant submanifold then, dim(M) > 3, for any W € T'(TM).

Proof. From definition of nearly §-Lorentzian trans Sasakian manifold and using equations
(2.7), (2.8), (2.10) and (2.11), we infer
(4.14) VwIW = —h(W,TW)+ AxnwW — Vi NW + TV W

+NVywW + th(W, W) + nh(W, W)

+o{< fW,W > & —ov(W)fW}

—a{ov(W)W— < W, W > £}
Now equating tangential components of last equation, we obtain
(4.15) VwTW = TVwW +th(W,W)+ AxvwW

—adv(W)W — Bov(W)TW.

By using equations (2.9) and (2.19) and M is a totally umbilical pseudo-slant submanifold,

we can write
(4.16) < AnwW, W >=0.
If H € I'(i), then from (4.14), we obtain

VwTW =TV W + adv(W)W — Bsv(W)TW.
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Taking the product of (4.15) by &, we obtain

< VwTW, & >=v(TVwW) 4+ adv(W)v(W) — Bov(W)v(TW).

(4.17) < VwTW, ¢ >=0.
Setting W = TW in last equation, we derive
< Vorwé, T?*W >=0.
In view of equation (3.1), we have
cos*0 < Nrw&, (W + v(W)€) >= 0.
Since, M is a proper pseudo slant submanifold, we have
(4.18) < Vrwé&, W >= —v(W) < Vrw&, € > .

For any W € I'(T'M),< £,& >= 1 and taking the covariant derivative of above equation with
respect to TW, we have < V&, & > — < &, Vrwé& >= 0 which implies < V&, & >= 0.
Hence, with help of equation (4.16), we can state the following results

(4.19) < Vrwé&, W >=0.

This proves (ii) of theorem.
Setting W by TW in the equation (4.18), we derive

cos? 0 < V&, TW > +cos? u(W) < V&, TW >= 0,
For V¢£ = 0, we have
(4.20) cos’ 0 < V&, TW >=0.

in equation (4.19) if cosf = 0,6 = 7/2, then M is an anti-invariant submanifold. On the
other hand, < V,&, TW >= 0, that is V¢ = 0. This implies that ¢ is a Killing vector field
in M. If the vector field £ is not Killing, then we can take at least two linearly independent
vectors W and TW to span Dy, that is, dim(M) > 3. O

5. INTEGRABILITY OF DISTRIBUTIONS
In this section we shall discuss the integrability of involved distributions.

Theorem 5.1. A (M, f,£,v,<,>,68) has pseudo-slant submanifold of a nearly 6- Lorentzian

trans Sasakian manifold, then the distribution D+ & & is integrable if and only if for any
Z,WeT(D+a¢)

AV = ApyW +2[((1 — ad)(v(W)V — (V)W)
+8(1 =6 (W(TW)V —v(TV)W)].
Proof. For any W,V € T(D+ @ ¢) and U € T'(T M), then from (2.9), we have
2< ApwV,U >=<h(U, V), fW >+ < h(U,V), fW),
In view of (2.7), the above equation reduce to
2< AV, U > = < VyU, fW)+ < VyV, fW >
=< fVyUW >+ < fVgV,W > .
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So we have
2< A V,U) = <VyfUW >+ <VyfV,IW >
— < (Vv U+ < (VuH)V,W > .
By the definition of nearly §-Lorentzian trans Sasakian we conclude that
2<ApwV,U> = <TVyW +th(W,V)— Ay W, U >
—2<<VE>W U >+ad << V> W, U >
=28 << TV, E>W,U > =28 << NV, E>W,V >
466 << TV, E>W U > 466 << TV, E>W, U >
+85 << TV, E>W, U > +86 << NV, £ > W, U >
F+ad <<V, E>W, U > .
which is equivalent to
(5.1) 24pw V. = TVyW +th(W,V) = Apy W = 20(V)W
+2a0v (VYW = 28{v(TV)W — ov(TV)W}.
Take W =V in (5.1), we infer
(5.2) 24y W = TVwWV +th(V,W) - ApwV — 2v(W)V
+2a0v(W)V = 28{v(TW)V — év(TV)W}
By using equations (5.1) and (5.2), we conclude that
(5.3) AV =AW = 2[(1 —ad){v(W)V —uv(V)W}
+5(1 = ) {v(TW)V —v(TV)W}].

Therefore, the distribution D+ @ ¢ is integrable if and only if T[W, V] = 0 which proves our

assertion. |

Theorem 5.2. A (M, f,&,v,<,>,68) has pseudo-slant submanifold of a nearly 6- Lorentzian
trans Sasakian manifold, then the slant distribution Dy is integrable if and only if for any
X,Y € T'(Dy)
(5.4) Pl{VUTV —TVyU + (VvT)U — AnyV — AnvU
=2th(U, V) + adv(V)U + adv(U)V + Bov(V)TU
+pov(U)TV} = 0.

Proof. For all U,V € I'(Dy) and we denote the projections on D+ and Dy by P and P» ,
respectively, then for any vector fields U,V € T'(Dy), we obtain
vaV = f?UV — vva + fva
+2a{< U,V > ¢ —ov(V)U - ov(U)V}
+p{< fU,V > —v(V)fU - ov(U)fV}.
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With the help of equations (2.7), (2.8), (2.10) and (2.11), we find
VoIV = —VuNV + f(VuV +h(U,V)) — VyTU — VyNU
+a{2 < UV >¢—96v(V)U - sv(U)V}
B2 < fUV > € — 5u(V)fU — ou(U)fV}
+f(VyvU + h(U,V)).

(5.5) VeV = —h(U,TV)+ AyyU — VENV +TVV
+NVyV +th(U, V) +nh(U,V) - VyTU
~VENU 4 TVyU + NVyU + th(U, V)
+a{2 < U,V >¢—0v(V)U = ov(U)V}
+68{2 < fU,V >¢—=0v(V)fU - ov(U)fV}
—h(V,TU) + nh(U,V) + AnuV.
Now comparing tangential parts of the last equation, we have
(5.6) VoIV = TVyV —(VyT)U + ANUV + ANVU
+a{2 < U,V >¢—-0v(V)U - ov(U)V}
+8{2 < fU,V > ¢ —-ov(V)fU - v(U)fV}

Loth(U, V).
(5.7) T[U, V] = VyTV —=TVyV + (VvT)U — ANV
—AnvU = 2th(U, V) + ad{v(V)U +v(U)V'}
+85{v(V)TU +v(U)TV}.
Applying Py to (5.7), we get (5.4) O

Theorem 5.3. In a pseudo-slant submanifold of nearly - Lorentzian trans Sasakian mani-
fold is given by
(5.8) (VuT)V = AnvU+ AnygV +th(U, V) +T(h(U,V))

+a{2 < U,V > ¢ - 0v(V)U - ov(U)V}

+p{2<TU,V >¢—6v(V)TU — év(U)TV}

—(VyT)U.

Proof. ¥ U,V € TM, using equations (2.9), (2.10) and (2.11), we infer
VuTV = —VyNV + (Vuf)V+T(VyV)
+N(VxUV) +th(U,V) 4+ nh(U,V)
Using (2.8) and (2.9) from above, we obtain
(5.9) VuTV = —h(U,TV)+ AxyU — VENY
+(Vu )V + (Vy U + th(U,V) 4+ nh(U,V)
~(Vv HU +T(VyV) + N(VuV),
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we obtained,
20 < U,V >¢ = ad{v(V)U+v(U)WV}+ Vv fU - f(Vy)
+8{v(V)fU+v(U)fV} =28 < fUV > ¢
—TVyV — NVyV —th(U,V) —nh(U,V)
+VyTV +h(U,TV) — AxyU + VENV.
Now equating tangential and normal component parts of the last equation, we have
(5.10) VoIV = AnvU+2a < UV >E&—adv(V)U
+28 < NU,V > & = pov(V)TV — Bév(V)NU
+28 < TU,V > & — Bov(U)NV — VyTU
+N(VyU) +TVyV + NVyV +th(U,V)
—adv(U)V — Bsv(U)TV — VyNU
+T(VyU) +nh(U, V),
That is,
(5.11) (VoT)V = AnvU+ AngV +th(U,V) 4+ T'(h(V,U)
+a{2 < U,V > & —v(V)U - sv(U)V
+8{2<TU,V > ¢ —6v(V)TU — év(U)TV}
—(VyT)U.

Theorem 5.4. A (M, f,&,v,<,>,5) has pseudo-slant submanifold of nearly - Lorentzian

trans Sasakian manifold, then we have

(5.12) AU = AV +{a<UV >E+6< fUV >
+Vu(TV) + h(U,TV) — ANyU + VENV
—~T(VyV) = N(VyV) = Nh(U,V),

VU,V eD".

Proof. In view of equation (2.8), we have

(5.13) < ApyU W >=< WU,W), fV >=< fh(U, W),V >.
From equations (2.7), (5.13) and ¢V U € T+M, we conclude that
(5.14) <ApyUW >=<Vy fUV >— < (VU V >.
Now, for U € D1, ¢X € T*+M. Hence, from (2.8) we have

(5.15) Vi fU = =AW + Vi, fU.

With the help of equations (5.14) and (5.15), we find

(5.16) <Ay UW)=—=< (VwHUV >— < ApgW,V >
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Since h(U, V') = h(V,U), if follows from (2.9) that
< AW,V >=< Ay V,IW > .

Hence, from (5.16) we obtain, with the help of (2.4),
(5.17) <ApUW > = —<ApV,W>—v(W)<UV >

—20(V) <UW > —4v(U)v(V)v(W)

+ < V(TV) + U, TV) — AxyU

+VENV = T(VyV) = N(VyV)

—Th(U,V)— Nh(U,V),W >

—v(U) < W,V >.

Since U, V, W € D+ and an orthogonal distribution to the &, it follows that n(U) = n(V) = 0,
the above equations reduces to,

AU = —ApV+5{a<UV >E+8< fUV >¢€}
+Vu(TV) + h(U,TV) — AnyU + VENV
~T(VyV) = N(VyV) = Nh(U,V).
O

Theorem 5.5. A (M, f,&,v,<,>,8) has pseudo-slant of nearly §- Lorentzian trans Sasakian
manifold, then the anti-invariant distribution D+ is integrable if and only if for any Z,W €
I'(D+)
(5.18) AywU = —ANUW—QTVWU—I-Oé(s{V(U)W-FV(W)U}

—2th(W,U) + po{v(W)TU + v(U)TW}

—2{a<UW >+ <TUW > &}

Proof. For any U,W € I'(D+) and the definition of nearly J-Lorentzian trans Sasakian we
conclude that

VufW = fVgW —VwfU+ fVyU
+a2 < U W > &= v(W)U — ov(U)W)
+52 < fUW > & —6v(W)fU —ov(U)fW).
With the help of equations (2.7), (2.8), (2.10) and (2.11), we deduce
2a < U, W >¢ = ad{vW)U +v(U)W} =28 < fUW >¢
+B5{v(W)fU + v(U)fW} — ANwU + VENW
—TVyW — NVyW —2th(W,U) — ANy W
+Viy NU = TVwU — NVywU — 2nh(W,U)
Now equating the tangential parts of last equation, we have
2a<UW>¢ = —adv(W)U 428 <TUW > &+ AnwU
—adv(U)W — Bon(W)TU — pov(U)TW
+TVyW + 2th(W,U) + AnuW + TV U
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From the above equation, we can infer

TUW] = —AxwU — AygW — 2TV U — 2th(W, U)
—2a <UW > ¢+ ad{v(W)U +v(U)W}
28 <TUW > &+ po{v(W)TU + v(U)TW}

Thus [Z, W] € T'(D%) if and only if (5.11) is satisfied. O

Acknowledgments: The author sincerely appreciates the suggestions and revisions of the

1]
2]
3]

[4]

referee during the revision of the paper.

REFERENCES

A. Bejancu, Geometry of CR-submanifolds, D. Reidel Publ. Co. 1986.

A. Bejancu, CR-submanifolds of a Kaehler manifold I, Proc. Amer. Math. Soc. 69 (1), (1978), 135-142.
A. Carriazo, New developments in slant submanifolds theory, Narasa Publishing Hause New Delhi, India,
2002.

A. Horaira, M. S. Khan and S. Rahman On Pseudo Slant Submanifolds of Nearly Quasi Sasakian Man-
ifolds with Quarter Symmetric Metric Connection, International Journal of Science Engineering Devel-
opment Research, 8, (8), (2023), 787-795.

A. Lotta, Slant submanifolds in contact geometry, Bull. Math. Soc. Sci. Math. Roumanie (N.S.), 39,
(1996), 183-198.

B.Y. Chen, Geometry of Slant Submanifolds, Kath. Univ. Leuven, Dept. of Mathematics, Leuven, 1990.
I. Mihai and R. Rosca, On Lorentzian P-Sasakian manifolds, Classical Analysis, World Scienti ¢ Publ.,
(1992) 155-169.

J. B. Jun and S. Rahman, On pseudo-slant submanifolds of a nearly (g,0) trans-Sasakian Manifold,
Communications of the Korean Mathematical Society, 34 (3) (2019), 935-949.

J. L. Cabrerizo, A. Carriazo, L. M. Ferndndez and M. Fernandez, Semi-slant submanifolds of a Sasakian
manifold, Geom. Dedicata. 78, (1999), 183-199.

J. L. Cabrerizo, A. Carriazo, L. M. Ferndndez and M. Ferndndez, Structure on a slant submanifold of a
contact manifold, Indian J. Pure Appl. Math. 31, (2000), 857-864.

K. L. Duggal and A. Bejancu, Spacetime geometry of CR-structures, Contemporary Math. 170, (1994),
49-63.

K. Matsumoto, On Lorentzian para-contact manifolds, Bull. of Yamagata Univ.,Nat. Sci., 12, 151-156.
K. Matsumoto and I. Mihai, On a certain transformation in Lorentzian para-Sasakian manifold, Tensor,
N.S., 47, (1988), 189-197.

K. Yano and M. Kon, Contact CR-submanifolds, Kodai Math. J. 5 (2) (1982), 238-252.

M.H. Shahid, A. Sharfuddin and S.A. Husain, CR-submanifolds of a Sasakian manifold, Univ. u Novom
Sadu Zb. Rad. Prirod.-Mat. Fak. Ser. Mat. 15 (1) (1985), 263-278.

M. Kobayashi, CR-submanifolds of a Sasakian manifold, Tensor, N.S., 35 (3) (1981), 297-307.

N. Papaghiuc, Semi-slant submanifolds of a Kaehlerian manifold, An. Stiint. Univ. Al. I. Cuza lasi. Mat.
(N.S.), 40, (1994) 55-61.

S. Rahman, CR-submanifolds of a nearly 6 -Lorentzian trans Sasakian manifold, Turkic World Mathe-
matical Society Journal of Applied and Engineering Mathematics 8 (1) (2018), 51-60.

U.C. De, K. Matsumoto and A. A. Shaikh, On Lorentzian para-Sasakian manifolds, Rendi-contidel
Seminario Matematico di Messina, Serie II, Supplemento al n., 3, (1999), 149-158.

V. A. Khan, and M. A. Khan, Pseudo-slant submanifolds of a Sasakian manifold, Indian J. Pure Appl.
Math., 38, (2007), 31-42.



	1. Introduction
	2. Preliminaries
	3. Pseudo-slant submanifolds of nearly -Lorentzian trans Sasakian manifold
	4.  Totally umbilical pseudo-Slant submanifolds of nearly -Lorentzian trans Sasakian manifold
	5. Integrability of Distributions
	References

