BULLETIN OF THE INTERNATIONAL MATHEMATICAL VIRTUAL INSTITUTE

ISSN (p) 2303-4874, ISSN (0) 2303-4955
www.imvibl.org /JOURNALS / BULLETIN
Bull. Int. Math. Virtual Inst., 13(1)(2023), 51-63

DOI: 10.7251/BIMVI2301051S

Former
BULLETIN OF THE SOCIETY OF MATHEMATICIANS BANJA LUKA
ISSN 0354-5792 (o), ISSN 1986-521X (p)

LORENTZIAN p-KENMOTSU MANIFOLDS
ADMITTING SEMI-SYMMETRIC NON-METRIC
CONNECTION

Ganganna Somashekhara, Shivanna Girish Babu,
Rangaswamy Rajendra, Polaepalli Siva Kota Reddy,
and Khaled Abed Alaziz Alloush

ABSTRACT. The objective of the present paper is to study some results on
Lorentzian B-Kenmotsu manifolds admitting semi-symmetric non-metric con-
nection.

1. Introduction

As a generalization of both Sasakian and Kenmotsu manifolds, Oubina [14]
introduced the notion of trans-Sasakian manifolds, which are closely related to the
locally conformal Kahler manifolds. Trans-Sasakian manifolds of types (0,0), (0, 5)
and (a,0) are, respectively, called the cosymplectic, a-Sasakian, and S-Kenmotsu
manifolds, with «a, 8 being scalar functions. In particular, if « =0,  =1; a = 1,
[ = 0; then a trans-Sasakian manifold will be Kenmotsu and Sasakian manifolds,
respectively.

A linear connection V defined on (M™, g) is said to be semi-symmetric [11] if
its torsion tensor 7' is of the form

(11) T(Xl,XQ) = U(XQ)Xl — U(Xl)XQ,
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where u is a 1-form and p is a vector field defined by
(1.2) u(X1) = g(X1,p),

for all vector fields X1, X5 € x (M), where x(M) is the set of all differentiable vector
fields on M.

Hayden [12] introduced semi-symmetric linear connections on a Riemannian
manifold. Let M be an n-dimensional Riemannian manifold of class C* endowed
with the Riemannian metric g and V be the Levi-Civita connection on (M™,g). A
semi-symmetric connection V is said to be a semi-symmetric metric connection if
it satisfies

(1.3) Vg =0.
A relation between the semi-symmetric metric connection V and the Levi-
Civita connection V of (M, g) was given by Yano [30],
(1.4) Vx, X2 = Vi, Xo = u(X3) X1 — g(X1, X3),
where u(Xs) = g(Xo, p).

A semi-symmetric connection V is said to be a semi-symmetric non-metric
connection if it satisfies

(1.5) Vg # 0.

In 1992, Agashe and Chafle [1] defined and studied a semi-symmetric non-
metric connection on Riemannian manifold whose torsion tensor T' satisfies

T(X1, X2) = u(X2) X1 — u(X1)Xo
and y
(Vx,9) (X2, X3) = u(X2)g(X1, X3) — u(X3)g(X1, X2).
They proved that the projective curvature tensor of the manifold with respect to
these two connections are equal to each other.

In this paper, we consider semi-symmetric non-metric connection due to Barua
and Mukhopadhyay [8] on Kenmotsu manifolds. A relation between semi-symmetric
non-metric connection V and the Levi-Civita connection V has been obtained by
Barua and Mukhopadhyay [4] and is given by

(Vx,9) (X2, X3) = 2u(X1)g(X2, X3) — u(X2)g(X1, X3) — u(X3)g(X1, X2).

Since V4 f = 0, it is an another type of semi-symmetric non-metric connection, but
the authors preferred the name semi-symmetric semimetric connection.

The semi-symmetric non-metric connections were further studied by several
authors such as De and Biswas [9], De and Kamilya [10], Liang [13], Ozen et al.
[15], Smaranda and Andonie [29], and many others. Some related developments
can be found in [2-4, 16-28].
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We consider n-Ricci solitons on Lorentzian S-Kenmotsu manifold admitting
semi-symmetric non-metric connection and the n-Ricci soliton is given by

(1.6) Leg(X1, Xa) +25(X1, Xa) + 20g(X1, Xo) + 2un(X1)n(X2) = 0,

for any vector field X, X, € M, where ¢ is a contravariant vector field and L
denotes the Lie derivative operator on &, S is the Ricci tensor and A is a constant.

2. Preliminaries

A differentiable manifold M of dimension (2n + 1) is called a Lorentzian f-
Kenmotsu (See [5, 6]) if it admits a (1, 1)-tensor field ¢, a contravariant vector field
&, a covariant vector field 1 and Lorentzian metric g which satisfies the following :

(2.1) n(§) = —1,¢(§) = 0,m0¢ = 0,

(2.2) P* X1 = X1 +n(X1)& 9(X1,6) = n(X1),
(2.3) 9(¢ X1, 9 X2) = g(X1, X) + n(X1)n(X2).
Also, Lorentzian S-Kenmotsu manifold (M?7+1, g) satisfies:
(2.4) Vx,§ = B(X1 —n(X1)f),

(2.5) (Vx,m)Xe = B(9(X1, X2) — n(X1)n(X2)),
(2.6) (Vx,0) X2 = B(g(¢X1, X2) — n(X2)pX1),

where V denotes the operator of covariant differentiation with respect to the
Lorentzian metric g. Further, on Lorentzian S-Kenmotsu manifold (M?2"*1, g) the
following relations hold:

7) n(R(X1, X2)X3) = B2 (9(X1, X3)n(X2) — 9(Xa, X3)n(X1)),
8) R(&, X1) X, = B2 (n(X2) X1 — g(X1, X2)€),
9)

(2.
(2.
(2. R(X1, X2)& = B2(n(X1) X2 — n(X2)X1),
(
(
(

2.10) S(X1,€) = —2np8%*n(X1),
2.11) Q¢ = —2np%,
2.12) S(&,€) = —2np32.

From [8], the relation between semi-symmetric non-metric connection V and the
Levi-Civita connection V is given by:

(2.13) Vi, Xo = Vx, Xo — n(X1)Xs + g(X1, Xo)E.

Further on using (2.13), we get:

(2.14) (Vx,9)(X2,X3) = Vx,9(X2, X3) — 9(Vx, Xo, X3) — 9(X2, Vx, X3)
= 2n(X1)g9(X2, X3) — n(X2)g9(X1, X3) — n(X3)9(X1, X2)
#0.
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We now define the curvature tensor R of M with respect to semi-symmetric non-
metric connection V is:

(2.15) R(X1,X2)X5=Vx,Vx, X5 — Vx, Vx, X5 — Vix, x, X3,
where X7, Xo, X3 € x(M), the set of all differential vector field on M.

In the view of equation (2.13) and (2.15) the curvature tensor R of M is given
by ([7]):
(2.16) R(X1, X2)X3 =R(X1, X2)X3 — (Vx,7)(X2) X3
+ (Vo) (X1) X5 — 2n(X2)g(X1, X3)§
+2n(X1)g(X2, X3)€ + 9(X2, X3)Vx, § — g(X1, X3)Vx, &
Using (2.4) and (2.5) in (2.16), we get
(2.17) R(Xl,Xg)Xg =R(X1,X2) X35 — 2n(X2)g(X1, X3)& + 2n(X1)g(Xa, X3)¢
+ Bg(X2, X3) X1 — Bn(X1)g(X2, X3)§ — Bg(X1, X3)Xo
+ Bn(X2)g(X1, X3)¢€.

Interchanging X; = Xy and X9 = X, equation (2.16) reduces to

(2.18) R(X2,X1)X35 =R(X32,X1)X3 — (Vx,1m)(X1)X3
+ (Vx,m)(X2) X3 — 2n(X1)g(X2, X3)€8
+2n(X2)g(X1, X3) + (X1, X3)Vx,§ — 9(X2, X3)Vx, .
Again using (2.4) and (2.5) in (2.18), we get
(2.19)  R(X3, X1)X35 =R(X2, X1) X3 — 2n(X1)g(X2, X3)& + 2n(X2)g(X1, X3)¢
+ B9(X1, X3) X2 — Bn(X2)g(X1, X3)§ — Bg(X2, X3) X4
+ Bn(X1)g(Xa, X5)¢.
In view of (2.17) and (2.19), we have

(2.20) R(X1, X3) X3 = —R(Xs, X1) X3,

(2.21) R(X1,X5) X5+ R(X3, X3) X1 + R(X3, X)X, = 0.

Equation (2.21) is called as the first Bianchi identity with respect to semi-symmetric
non-metric connection V. Substituting X; = £ in (2.17) and using (2.1), (2.2) and
(2.8), we obtain

(2:22) R(&, X2) X3 = Ain(X3) X2 + A2g(Xa, X3)€ + Asn(X2)n(Xa),
where

A =B(B-1), Ap=B2-B)—2, and Ay = B - 2.
Also, substituting X3 = £ in (2.17) and using (2.1), (2.2) and (2.9), we get:

(2.23) R(X1, X2)§ = Aa(n(X1) X2 — n(X2)X1),
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where
Ay =p(B-1).
Taking inner product for (2.17) with £ and using (2.1), (2.2) and (2.7), we get

(2.24) n(R(X1, X2)X3) = As(n(X1)9(X2, X3) — n(X2)9(X1, X3)),

where

A5 = (268 -2 - 7).
Now taking an inner product for (2.17) with Y7, using (2.1) and (2.2), we get
(2:25)  R(X1, X2, X3, Y1) =R(X1, Xo, X3, Y1) — 20)(X2)g(X1, Xa)n(Y1)

+2n(X1)9(X2, X3) +n(Y1)Bg(X2, X3)g
— Bn(X1)g(Xz2, X3)n(Y1) — Bg(X1, X3)g
+ Bn(X2)g(X1, X3)n(Y1),

—~~

X17Y1)
X2aY1)

—~

where Y7 € x(M).
From (2.25), we obtain

(2.26) R(X1,X5,X3,Y1) = —R(X1, X5, Y7, X3).

Let {e1,e2," - ,e2,+1} be a local orthonormal basis of vector fields in M. Then by
putting X; =Y = e; in (2.25), we obtain

(2.27) S(X2, X3) = S(X2, X3) + Agn(X2)n(X3) — Arg(X2, X3),

where

Ag=pf—2and Az =2—(2n+1)8.
Putting X3 = £ in (2.27) and using (2.1), (2.2) and (2.10), we obtain

(2.28) S(X2,€) = Asn(Xa),
where
Ag = —28.
By putting Xo = X3 = ¢; in (2.27) we obtain
(2.29) F=r—(B-2)+02n+1)?8-22n+1).

3. Covariant constant admitting semi-symmetric non-metric connection

This section deals with a type of semi-symmetric non-metric connection on
a Lorentzian -Kenmotsu manifold. We consider a type of semi-symmetric non-
metric connection which was introduced by Barua and Mukhopadhyay [8].

A Lorentzian g-Kenmotsu manifold M with respect to the Levi-Civita connec-
tion said to be recurrent if its curvature tensor R satisfies the condition

(3.1) (Vv R)(X1, X2) X5 = A(Y1)R(X1, X2) X3,
where A is a non-zero 1-form and X, Xo, X3,Y; € x(M). We now have
(3.2) (Vy, R)(X1, X2) X3 =Vy, R(X1, X2) X5 — R(Vy, X1, X2) X3

— R(X1,Vy, X2) X3 — R(X1, X2)Vy, X3.
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In the view of(2.1), (2.8), (2.9) and (2.13), (3.2) reduces to
(3.3) (Vy, R)(X1, X2) X3 =Vy, R(X1, X2) X5 + g(Y1, R(X1, X2) X3)&
— R(Vy, X1,X2) X5
= B%9(Y1, X1) [n(X3) Xz — (X2, X3)¢]
— R(X1,Vy, X2) X35 — 2n(Y1)R(X1, X2) X3
— B%9(Y1, X2) [9(X1, X3)— 1(X3)X1]
— R(X1, X2)Vy, X3
— B29(Y1, X3) n(X1) X2 — n(X2) X1].
Suppose Vy, R(X1, X2) X3 = 0. Then we have
(3.4) Vy, R(X1, X2) X3 + g(Y1, R(X1, X2)X3)¢ — R(Vy, X1, X2) X3
—B%9(Y1, X1) [(X3) X2 — g(X2, X3)€] = R(X1, Vy, X2) X3
—2n(Y1)R(X1, X2) X3 — 29(Y1, X2) [9(X1, X5) — n(X3)X1]
—R(X1,X2)Vy, X3 — B2g(Y1, X3) [n(X1) X2 — n(X2)X1] = 0.
In the view of equation (3.1), the equation (3.4) reduces to
(35)  A(Y1)R(X1,X2)Xs + g(Y1, R(X1, X2)X3)¢ — R(Vy, X1, X2) X3
—B%9(Y1, X1) [0(X3) X2 — g(X2, X3)€] = R(X1, Vy, X2) X3
—2n(Y1)R(X1, X2) X3 — 829(Y1, X2) [9(X1, X3) — n(X3)X1]
—R(X1, X2)Vy, X3 — 82g(Y1, X3) [n(X1) X2 — n(X2) X1] = 0.

Taking inner product with ¢ and using (2.1), (2.2), (2.7), we obtain

(2.
(3.6) B2AY)g(X1, X)n(X2) — B2A(Y1)g(Xa, X3)n(X1)
+2629(X1, X3)n(Y1)n(X2) — 2829(Xa, X3)n(Y1)n(X1)
—g(Y1, R(X1, X2)X3) — B2g(Y1, X1)n(X2)n(X3)
—B32g(Y1, X1)g(Xa, Xs) + °9(Y1, X2)g(X1, X3)
+8%n(X1)n(X3)g(Y1, Xa) = 0.

Let {e1,€2, -+ ,eant1} be a local orthonormal basis of vector fields in M. Then by
putting X; = Y7 =e¢; in (3.6), we get
(3.7) B2 Alei) [g(es, Xa)n(Xa) — g(X2, Xz)n(e:)] + 268%n(X2)n(X3)+

2%9(Xy, X3) — S(Xa, X3) — 8%(2n + 1) [n(X2)n(Xs) + g(X2, X3)] +
B29(Xs, X3) + B2n(X2)n(X3) = 0.

The first term on the RHS of (3.7) vanishes by putting X3 = £ and (3.7) reduces
to

(3.8) S(X2, X3) = G1 [9(X2, X3) + n(X2)n(X3)],
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where
G1 = 26%(1 —n).
The above discussion leads to the following theorem:

THEOREM 3.1. In a Lorentzian B-Kenmotsu manifold, if the curvature tensor
is covariant constant with respect to the semi-symmetric non-metric connection
and the manifold is recurrent with respect to the Levi-Civita connection, then the
manifold is an n-Einstein manifold.

Let £+ denotes the (2n41)-dimensional distribution orthogonal to ¢ in a Lorentzian
B-Kenmotsu manifold admitting a semi-symmetric non-metric connection whose
curvature tensor vanishes. Then for any X; € &+, g(X1,€) = 0 or n(X;) = 0.
Now we shall find the sectional curvature 'R of the plane determined by the vectors
Xl,XQ S gJ‘. Putting R =0 and X3 = XQ, Y1 = X1 in (225), we have

(3.9)  R(X1,X2, X2, X1) = —B[9(X1, X2)9(X2, X1) — 9(X1, X1)9(X2, X2)] .

Then

R(X1 X9, Xo Xl)
/R X ,X — Y I I - _ 3.
(X1, Xo) 9K Xa)? — (X0 X)X XKa)

Hence, we can state the following theorem:

THEOREM 3.2. In a Lorentzian B-Kenmotsu manifold, if the curvature tensor
of the semi-symmetric non-metric connection vanishes, then the sectional curvature
of the plane determined by the two vectors X1, Xy € £+ is —f3.

4. Semi-symmetric Lorentzian S-Kenmotsu manifold admitting
semi-symmetric non-symmetric connection

We suppose that the manifold under consideration is semi-symmetric with re-
spect to the semi-symmetric non-metric connection V. Then

(4.1) (R(X1, X2).R)(Y1,Y2) X5 = 0.

Then equation (4.1) can be written as

(4.2) R(X1, X5)R(Y1,Y2) X3 — R(R(X1, X5)Y1, Y5) X3

—R(Y1, R(X1, X2)Y2) X35 — R(Y1,Ys) R(X1, Xo) X3 = 0.
Replacing X7 = &, then equation (4.2) reduces to

(4.3)  R(E, X2)R(Y1,Y2) X3 — R(R(E, X2)Y1,Y2) X3 — R(Y1, R(E, X2)Y2) X3
—R(Y1,Y2)R(¢, X3) X3 = 0.
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In view of (2.1), (2.22) and (2.24), equation (4.3) reduces to
(4.4) A1 Asn(Y1)g(Ya, X3) Xo — A1 Asn(Ya)g(Yr, X3) Xo
+A2g(R(Y1, Y2) Xa, Xo)€ + A3 Asn(Y1)n(X2)g(Y, X3)€
—AgAsn(Ya)n(X2)g(Yr, X3)€ — Ain(Y1)R(Ya, X2) X3

—Aog(Y1, X2)R(E, Y2) X3 — Asn(Y1)n(X2)R(E, Y2) X3
—An(Ya)R(Y1, X2) X3 — Azg(Ya, X2)R(€, Y1) X3
—Azn(Ya)n(Xo)R(€,Y1) X3 — Ain(X3)R(Ya, Y1) Xo

—A29(Xa, X3) R(Y1, Ya)é — Agn(Xs)n(Xs) R(Y1,Y2)é = 0.

Taking inner product with ¢ and using (2.1), (2.2) and (2.24), we have
(4.5) Asg(R (Yl,Yg)Xg,XQ) As Asg(Ys, X3)g(Y1, Xo
— (245 + A1 Asn(Y2)n(X5)g(Y2, Xo)

+A2A59(Y2, X2)g(Y1, X3

+ (A1 ds + A2 Asn(Y1)n(X3)g(Yz, X2)) =

— — — ~—

Taking Xo = Y7 = e; and using (2.1), (2.2) and (2.27), we have
(4.6) S(Y2, X3) = G2g(Yz2, X3) + Gan(Y2)n(Xs),

where

2n + 1>A5(A1 + A2) - A2A6 — A5(A1 + Ag)
As ’

Gy = A7 + 2nAs and G3 = (

Hence, we have the following result:

THEOREM 4.1. A semi-symmetric Lorentzian 5-Kenmotsu manifold admitting
semi-symmetric nmon-symmetric connection of dimension (M?"tl g) is an
n-FEinstein manifold.

5. ¢-recurrent Lorentzian f-Kenmotsu manifold admitting
semi-symmetric non-metric connection

A Lorentzian S-Kenmotsu manifold admitting semi-symmetric non-metric con-
nection is said to be a ¢-recurrent manifold if there exists a nowhere vanishing
unique 1-form A such that

(5.1) > (Vv R)(X1, X2)X3) = A(Y3)R(X1, X2) X3,

for all vector fields X7, Xo, X3,Y3, where A is 1-form defined by A(X;) = g(X1,p)
and p is a vector field associated with 1-form A. By virtue of (2.2) and (5.1), we
obtain

(5.2) (Vv R)(X1,X2) X5 + n((Vy, R) (X1, X2)X3) = A(Y3)R(X1, X)X
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Contracting (5.2) with Y7, we have

(5.3) 9(Vy, B)(X1, X2) X3, Y1) + n((Vy, B) (X1, X2) X3)n(Y1)€

= A(Y3)g(R(X1, X2)X3,Y1).
Let {e; | i = 1,2,3,--- ,n} be an orthonormal basis of the tangent space at any
point of the manifold. Then putting X; = Y7 = e; and taking summation over 4,
1<i<nin (5.3), we get:

(54)  (Vy8)(Xa,X3) + > n((Vyy R)(ei, X2) Xs)n(ei) = A(Y3)S (X, X3).

i=1
Substituting X3 = £ in (5.4), the second term in the L.H.S becomes zero and (5.4)
reduces to

(5.5) (Vyy 8) (X2, X3) = A(Y3)S(X2, X3).
Substituting X3 = £ in (5.5) and using (2.28), we obtain

(5.6) (V33 8)(X2,€) = AsA(Y3)n(X).

We have

(5.7) (Vy,8)(X2,8) = Vy, 8(X2,8) — S(Vy, X2,8) — 5(Xa, Vy,&).

In the view of (2.4) and (2.28) in (5.7), we obtain

(5:8) (Vw9 (X2,€) = As (Vvam) X2 + Bn(Y3)n(X2)) — BS(X2, Y3).
Using (2.5), we get

(5.9) (Vy,9)(X2,8) = AsB (9(Ys, X2)) — BS(Ys, X).

In view of (5.6) and (5.9), replacing Xo = ¢Xo, we have

(5.10) S(Ys, 0 X2) = 2A39(Y3, 9 X2).

Substituting X5 = ¢ X3 in (5.10) and using (2.2) and (2.10), we obtain
(5.11) S(Y3, Xo) = Agg(V3, X2) + A1on(Y3)n(X2),

where

Ag = 2A8 and A10 =2 (nBQ + Ag) .
Hence, we can state the following theorem:

THEOREM 5.1. A ¢-recurrent Lorentzian B-kenmotsu manifold admitting semi-
symmetric non-metric connection of dimension (M?"*1, g) is an n-Einstein mani-

fold.

Further more, the Bianchi identity is given by:

(5.12) A(Ya)n(R(X1, X2)Xs) + A(X1)n(R(Xs, Ys) Xa)
+A(X2)n(R(Y3, X1)X3) = 0.
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In the view of (2.24) and (5.12), we have
(5.13) As[A(Y3)(n(X1)g(X2, X3) — n(X2)g(X1, X3))+

(Y
A(X1)(n(X2)g(Ys, X3) —n(Y3)g(Xa, X3))+
A(X2)(n(Y3)g(X1, X3) —n(X1)9(Y3, X3))] =0,

where

As # 0.
Therefore, equation (5.13) reduces to
(5.14) As[A(

Y3)(n(X1)9(Xa2, X3) — n(X2)g(X1, X3))+
A(X1)(n(X2)g(Ys, X3) —n(Y3)g(Xa, X3))+
A(X2)(n(Ys)g(X1, X3) — n(X1)g(Y3, X3))] =0,

Putting X5 = X3 = ¢; in (5.14) and taking summation over 7, 1 < i < 2n+ 1, we
obtain

(5.15) A(Ys)n(X1) = A(X1)n(Ys),

for any vector field X; and Yj3.
Putting X; = £ in above equation, we obtain

(5.16) A(Y3) = —n(p)n(Ys),

for any vector field Y3, where A(§) = ¢g(&,p) = n(p), p being the vector field
associated to the 1-form A. Hence, from (5.15) and (5.16), we can state the following
theorem:

THEOREM 5.2. In a ¢-recurrent Lorentzian B-Kenmotsu manifold admitting
semi-symmetric non-metric connection, the characteristic vector field & and the
vector field p associated to the 1-form A are co-directional and the 1-form A is
given by (5.16).

We have,
(5.17) (Vy, B) (X1, X2)¢ =Vy, R(X1, X2)€ — R(Vy, X1, X2)¢

— R(X1, Vv, X2)€ — R(X1, X2) V€.
In the view of (2.4) and (2.23), (5.17) reduces to
(5.18) (Vv R)(X1, X5)6 = Aup (g9(Ya, X1)Xa — g(V3, X2) X1) — BR(X1, X2)Ys3,
Taking inner product with £ and using (2.2) and (2.24), equation (5.18) reduces to
(5.19) 0 (V3 R)(X1, X2)€) = B(A + A5) (9(Vs, X1)n(Xz) — 9(Ya, X2)(X1))

Considering (5.2) and putting Z = &, we get

(5:20) (Vv R)(X0, Xo)€ + 1 (Vv B)(X1, Xa)€ ) € = A(Y) R(Xa, Xa)€.
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In the view of (5.18) and (5.19), (5.20) reduces to
(5.21) Aap (9(Ys, X1)Xo — g(Y3, X2)X1) + (B(As + A5)g(Ys, X1)n(Xo2)
—g(Ys, Xo)n(X1)) & — BR(X1, X2)V3 = A(Y3)R(X1, Xo)E.
Taking inner product with ¢ and using (2.23), equation (5.21) reduces to
(5.22) A5 (g(Ys, X2) X1 — g(Ys, X1)X2) + R(X1, X5)Ys =
= A4 A(Y3)(n(X1) X2 — n(X2)X1).
Hence, if X; and X5 are orthogonal to &, then (5.22) reduces to

(5.23) BAs5 (g(Y3, X1) X2 — g(Y3, X2)X1) = R(X1, X2)Y3.
Thus, we have the following theorem:

THEOREM 5.3. A locally ¢-recurrent Lorentzian B-Kenmotsu manifold admit-
ting semi-symmetric non-metric connection is a manifold (M*" 1 g) (n > 1) of
constant curvature i.e., a hyperbolic space.

6. n-Ricci soliton on Lorentzian S-Kenmotsu manifold admitting
semi-symmetric non-metric connection

Let (M?"*t! g) be a Lorentzian B-Kenmotsu manifold admitting semi-
symmetric non-metric connection. Then the n-Ricci soliton is given by

(6.1) (Leg) (X1, X2) +25(X1, Xa) + 229(X1, Xa) + 2um(X1)n(X2) = 0,

for all Xy, Xo € x(M), where L¢ is Lie derivative operator along the vector field
&, S is the Ricci tensor field for the metric g, and A, p are constants.
Considering the term on the left hand side of (6.1), we have

(6.2) (Leg) (X1, X2) = 9(Vx, & X2) + 9(Vx, & X).
Using (2.4), (6.2) reduces to,

(6.3) (Leg)(Xa, X2) = 28 (9(X1, X2) — n(X1)n(X2)).

In the view of (6.3) and (6.1), we get

(6.4) S(X1, X2) = (A + B)g(X1, Xa) — (1 = B)n(X1)n(Xz).
Using (2.27), (6.4) reduces to

(6.5) S(X1, X2) = Ang(Xy, Xa) + Aran(X1)n(X2),
where

A= (A7 —X—p) and Ao = (B — p— Ag).
Hence, we can state the following theorem:

THEOREM 6.1. An n-Ricci soliton of Lorentzian B-Kenmotsu manifold admit-
ting semi-symmetric non-metric connection is an n-FEinstein manifold.



62

SOMASHEKHARA, BABU, RAJENDRA, P. S. K. REDDY, AND ALLOUSH

Acknowledgement

The authors would like to thank the referees for their valuable comments which

helped to improve the manuscript.

10.
11.
12.
13.
14.

15.

16.

17.

18.

19.

20.

References

. N. S. Agashe and M. R. Chafle, A semi-symmetric non-metric connection in a Riemannian
manifold, Indian J. Pure Appl. Math., 23 (1992), 399-409.

. P. G. Angadi, G. S. Shivaprasanna, G. Somashekhara and P. Siva Kota Reddy, Ricci-Yamabe
Solitons on Submanifolds of Some Indefinite Almost Contact Manifolds, Adv. Math., Sci. J.,
9(11) (2020), 10067-10080.

. P. G. Angadi, G. S. Shivaprasanna, G. Somashekhara and P. Siva Kota Reddy, Ricci Solitons
on (LCS)-Manifolds under D-Homothetic Deformation, Italian Journal of Pure & Applied
Mathematics, 46 (2021), 672-683.

. P. G. Angadi, P. Siva Kota Reddy, G. S. Shivaprasanna and G. Somashekhara, On Weakly
Symmetric Generalized (k, p)-Space Forms, Proceedings of the Jangjeon Math. Soc., 25(2)
(2022), 133-144.

. C. S. Bagewadi, D. G. Prakasha and N. S. Basavarajappa, On Lorentzian $-Kenmotsu man-
ifolds, Int. Journal of Math. Analysis., 2(19) (2008), 919-927.

. C. S. Bagewadi and E. Girish Kumar, Note on Trans-Sasakian manifolds, Tensor (N.S.),
65(1) (2004), 80-88.

. A. Barman and U. C. De, Semi-Symmetric Non-Metric Connections on Kenmotsu Manifold,
Rom. J. Math. Comput. Sci., 5(1) (2014), 13-24.

. B. Barua and S. Mukhopadhyay, A sequence of semi-symmetric connections on a Riemannian
manifold, Proceedings of seventh national seminar on Finsler, Lagrange and Hamiltonian
spaces, Brasov, Romania, 1992.

. U. C. De and S. C. Biswas, On a type of semi-symmetric non-metric connection on a Rie-

mannian manifold, Ganita, 48 (1997), 91-94.

U. C. De and D. Kamilya, Hypersurfaces of a Riemannian manifold with semi-symmetric

non-metric connection, J. Indian Inst. Sci., 75 (1995), 707-710.

A. Friedmann and J. A. Schouten, Uber die Geometric der halbsymmetrischen, Ubertragung.

Math. Zeitschr., 21 (1924), 211-223.

H. A. Hayden, Subspaces of space with torsion, Proc. London Math. Soc., 34 (1932), 27-50.

Y. Liang, On semi-symmetric recurrent-metric connection, Tensor (N.S.), 55 (1994), 107-112.

J. A. Oubina, New Classes of almost Contact metric structures, Publ. Math. Debrecen, 32

(1985), 187-193.

Z. F. Ozen, S. A. Demirbag, S. A. Uysal and H. B. Yilmaz, Some vector fields on a Riemann-

ian manifold with semi-symmetric metric connection, Bull. Iranian Math. Soc., 38 (2012),

479-490.

G. Somashekhara, N. Pavani and P. Siva Kota Reddy, Invariant Sub-manifolds of L P-Sasakian

Manifolds with Semi-Symmetric Connection, Bull. Math. Anal. Appl., 12(2) (2020), 35-44.

G. Somashekhara, S. Girish Babu and P. Siva Kota Reddy, C-Bochner Curvature Tensor

under D-Homothetic Deformation in LP-Sasakian Manifold, Bull. Int. Math. Virtual Inst.,

11(1) (2021), 91-98.

G. Somashekhara, S. Girish Babu and P. Siva Kota Reddy, Indefinite Sasakian Manifold with

Quarter-Symmetric Metric Connection, Proceedings of the Jangjeon Math. Soc., 24(1) (2021),

91-98.

G. Somashekhara, P. Siva Kota Reddy, N. Pavani and G. J. Manjula, n-Ricci-Yamabe Solitons

on Submanifolds of some Indefinite almost Contact Manifolds, J. Math. Comput. Sci., 11(3)

(2021), 3775-3791.

G. Somashekhara, S. Girish Babu and P. Siva Kota Reddy, Conformal Ricci Soliton in an

Indefinite Trans-Sasakian manifold, Viadikavkaz Math. J, 23(3) (2021), 43—49.



LORENTZIAN B-KENMOTSU MANIFOLDS 63

21. G. Somashekhara, S. Girish Babu and P. Siva Kota Reddy, Ricci Solitons and Generalized
Weak Symmetries under D-Homothetically Deformed L P-Sasakian Manifolds, Italian Journal
of Pure € Applied Mathematics, 46 (2021), 684-695.

22. G. Somashekhara, S. Girish Babu and P. Siva Kota Reddy, Conformal n-Ricci Solitons in
Lorentzian Para-Sasakian Manifold Admitting Semi-Symmetric Metric Connection, Italian
Journal of Pure & Applied Mathematics, 46 (2021), 1008-1019.

23. G. Somashekhara, P. Siva Kota Reddy, K. Shivashankara and N. Pavani, Slant Sub-manifolds
of Generalized Sasakian-Space-Forms, Proceedings of the Jangjeon Math. Soc., 25(1) (2022),
83-88.

24. G. Somashekhara, P. Siva Kota Reddy and N. Pavani, Semi-invariant Submanifolds of Gen-
eralized Sasakian-Space-Forms, International J. Math. Combin., 2 (2022), 47-55.

25. G. Somashekhara, S. Girish Babu, P. Siva Kota Reddy and K. Shivashankara, On L P-Sasakian
Manifolds admitting Generalized Symmetric Metric Connection, Proceedings of the Jangjeon
Math. Soc., 25(3) (2022), 287-296.

26. G. Somashekhara, R. Rajendra, G. S. Shivaprasanna, P. Siva Kota Reddy, Savithri Shashidhar
and Khaled A. A. Alloush, Generalised Sasakian-space-form in Submanifolds, International
J. Math. Combin., 3 (2022), 69-81.

27. G. Somashekhara, S. Girish Babu and P. Siva Kota Reddy, n-Ricci soliton in an indefinite
trans-Sasakian manifold admitting semi-symmetric metric connection, Bol. Soc. Parana. Mat.
(3), 41 (2023), 1-9.

28. G. Somashekhara, R. Rajendra, G. S. Shivaprasanna and P. Siva Kota Reddy, Pseudo Parallel
and Generalized Ricci Pseudo Parallel Invariant Submanifolds of a Generalized Sasakian Space
Form, Proceedings of the Jangjeon Math. Soc., 26(1) (2023), 69-78.

29. D. Smaranda and O. C. Andonie, On semi-symmetric connections, Ann. Fac. Sci. Univ. Nat.
Zaire (Kinshasa), Sec. Math.-Phys., 2 (1976), 265-270.

30. K. Yano, On semi-symmetric metric connection, Revue Roumame de Math. Pure et Ap-
pliquees, 15 (1970), 1570-1586.

Received by editors 27.8.2022; Revised version 11.2.2023; Available online 25.2.2023.

GANGANNA SOMASHEKHARA, DEPARTMENT OF MATHEMATICS AND STATIATICS, M. S. RAMA-
IAH UNIVERSITY OF APPLIED SCIENCES, BENGALURU - 560 054, INDIA
Email address: somashekhara.mt.mp@msruas.ac.in

SHIVANNA GIRISH BABU, DEPARTMENT OF MATHEMATICS, SIDDAGANGA INSTITUTE OF TECH-
NOLOGY, TUMKUR - 572 103, INDIA
Email address: sgirishbabu84@gmail.com

RANGASWAMY RAJENDRA, DEPARTMENT OF MATHEMATICS, FIELD MARSHAL K.M. CARIAPPA
COLLEGE (A CONSTITUENT COLLEGE OF MANGALORE UNIVERSITY), MADIKERI - 571 201, INDIA
Email address: rrajendrar@gmail.com

POLAEPALLI SIVA KOTA REDDY, DEPARTMENT OF MATHEMATICS, SRI JAYACHAMARAJENDRA
COLLEGE OF ENGINEERING, JSS SCIENCE AND TECHNOLOGY UNIVERSITY, MYSURU - 570 006,
INDIA

Email address: pskreddy@jssstuniv.in; pskreddy@sjce.ac.in

KHALED ABED ALAZIZ ALLOUSH, DEPARTMENT OF MATHEMATICS, DAR AL-ULOOM UNIVER-
SITY, RIYADH - 13314, SAUDI ARABIA
Email address: khaledindia@gmail.com



