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n-Ricci-Yamabe solitons in the framework of LP-Kenmotsu manifolds
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?Department of PG Studies and Research in Mathematics, Kuvempu University, Shankaraghatta - 577 451, Karnataka, India

Abstract. This paper examines the geometric characteristics of n-Ricci-Yamabe solitons within the frame-
work of LP-Kenmotsu manifolds. A key focus is on determining conditions under which these solitons
satisfy the curvature relation R - S = 0. Additionally, we explore their behavior in quasi-conformally flat
settings. Further, we establish results for solitons on manifolds exhibiting quasi-conformal curvature tensor,
¢-quasi-conformal semi-symmetry and ¢-Ricci symmetry, alongside conditions involving the Codazzi-type
Ricci tensor and the Cyclic parallel Ricci tensor. To justify our findings, we construct an explicit example
demonstrating the existence of such solitons in LP-Kenmotsu manifolds.

1. Introduction

The concept of Ricci flow was introduced by Richard S. Hamilton[13, 14] in 1982 in order to discover a
canonical metric on smooth manifolds, inspired by Eells and Sampon’s work on the harmonic map flow
in 1964. The fundamental idea behind Ricci flow is to deform the geometry of a Riemannian manifold in
a way that the metric evolves over time, following the curvature tensor. A Riemannian manifold (M, g) is
said to be a Ricci soliton if there exists a smooth vector field £ on M satisfying

0
—g7=—2R, 1.1
ot (1.1)
A geometric flow known as the Yamabe flow in differential geometry seeks to convert a given Riemannian
manifold into one with a constant scalar curvature. It bears the name of Hidehiko Yamabe, who popularized
this flow in 1960. A given manifold is deformed by Yamabe flow by changing its metric in accordance with

0

—g=—2Ryg, 1.2
ot g (1.2)
where R denotes the scalar curvature of the metric g. In the dimension n = 2, the Yamabe soliton is identical
to the Ricci soliton. Guler and Crasmareamu [11] introduced the Ricci-Yamabe map, which is a scalar
combination of Ricci and Yamabe flows. If a soliton moves only by one parameter group of diffeomorphism
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and scaling, it is said to be a Ricci-Yamabe soliton. In particular, a data (g, V, a, A, B) satisfying a Ricci-Yamabe
soliton on a Riemannain manifold (M, g)

£vg +2aS + (2A — pr)g = 0, (1.3)

where S is the Ricci curvature tensor field of the metric g, r is the scalar curvature, £ is the Lie derivative
with respect to the vector field. Depending on the value of A, the manifold (M, g) is classified as follows:
a Ricci-Yamabe shrinker when A > 0, a Ricci-Yamabe expander when A < 0, and a steady soliton when
A = 0. As a result, the preceding equation is known as a Ricci-Yamabe soliton of («, B)-type, which is a
generalization of Ricci and Yamabe solitons. We note that Ricci-Yamabe soliton of type («,0), (0, B)-type
are a-Ricci soliton and p-Yamabe soliton respectively.

The conceptualization of n-Ricci soliton, developed by Cho and Kimura in 2009[9], is an enhanced extension
of Ricci soliton. As a generalization of Ricci-Yamabe soliton, M. D. Siddiqi and M. A. Akyol developed
the idea of n-Ricci-Yamabe soliton in 2020[18]. By perturbing the equation (1.3) that defines the type of
soliton by a multiple of a certain (0,2)-tensor field, we obtain a slightly more general notion, namely,
n-Ricci-Yamabe soliton of type («, ) defined as:

£vg +2aS + (2A - Br)g+2un®n = 0. (1.4)

Let us recall that n-Ricci-Yamabe soliton of type («,0) or (1,0), (0,8) or (0,1)-type are a-n-Ricci soliton (or
n-Ricci soliton) and $-1-Yamabe soliton (or n-Yamabe soliton) respectively. For further information on these
specific cases, refer to [2], [11], [9], [12], [15], [19], [25], [26].

The paper has been formatted as follows:

In the preliminaries section, definition and some properties of LP-Kenmotsu manifolds are given. On
LP-Kenmotsu manifolds, Ricci-Yamabe and 7-Ricci-Yamabe solitons are studied in Section 3. The study
of n-Ricci-Yamabe solitons on LP-Kenmotsu manifolds that satisfy R - S = 0 and n-Ricci-Yamabe solitons
on quasi-conformally flat LP-Kenmotsu manifolds has been explored in Sections 4 and 5. 1-Ricci-Yamabe
solitons on LP-Kenmotsu manifolds admitting Cyclic parallel Ricci tensor and Codazzi type of Ricci tensor
are studied in Section 6. Studying @-quasi-conformally semi-symmetric n-Ricci-Yamabe solitons on LP-
Kenmotsu manifolds is the focus of Section 7. Beyond this, Section 8 focuses on the study of 7-Ricci-Yamabe
solitons in ¢-Ricci symmetric LP-Kenmotsu manifolds. In the later sections, we further analyze n-Ricci-
Yamabe solitons within the framework of quasi-conformal curvature tensor on LP-Kenmotsu manifolds.

2. Preliminaries

An n-dimensional differentiable manifold M is referred to as a Lorentzian metric manifold if it possesses
a (1,1)-tensor field @, a vector field &, a 1-form 1, and a Lorentzian metric g all of which satisfy the conditions
stated in [22].

PPx=x+nxE  nE) =-1, 1)
where x is the vector field on M, this leads to
(@)p& =0, (b)n(px) =0, (c)rank(p)=n—1. (2.2)

If M admits a Lorentzian metric g, then

g(ex, y) = g(x, y) + n(x)n(y), (2.3)

which implies that M admits a Lorentzian almost paracontact structure (¢, <&, 1, 9).
Here, we have

(@)g(x, &) =n(x), (b)VE = ¢x, (2.4)
(Vxp)y = g(x, )€ + n(y)x + 2n(x)n(y)<, (2.5)
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where, with regard to the Lorentzian metric g, V signifies the operator of covariant differentiation.
If we put

Q(x,y) = g(x, py) = g(px, y) = Qy, x), (2.6)

For arbitrary vector fields x and y, the associated tensor field Q(x, i) exhibits symmetry as a (0, 2) tensor field.

In Lorentzian geometry, the nature of a vector field is characterized by the sign of the metric evaluated
on the vector, that is, by the value of g(x,x). Let x be a non-zero vector field on a Lorentzian manifold.
Then, x is said to be timelike if g(x,x) < 0. In this case, the vector lies within the so-called time cone,
representing directions along which time flows. Timelike vectors are of particular importance in relativity,
as they correspond to physically realizable trajectories of massive particles. If g(x,x) > 0, the vector is
classified as spacelike. Such vectors lie outside the light cone and represent purely spatial directions, not
corresponding to any possible particle path.

Definition 2.1. An nearly paracontact manifold in Lorentzian manifold M is referred to as the Lorentzian Para-
Kenmostu manifold (briefly, LP-Kenmotsu) if

(Vap)y = —g(px, )& —n(y)ex, 27)
for any vector fields x,y on M.

Within the LP-Kenmostu manifold, there exits

Vi€ = —x —n(x)&, (2.8)
(Vin)y = —g(x, y)& — n(x)n(y). (2.9)

Similarly, the following relations hold in a LP-Kenmostu manifold M:

n(V:&) =0,Ve& =0, (2.10)
g(R(x, y)z &) = n(R(x, y)z) = g(y, 2)n(x) — g(x, 2)n(y), (2.11)
R(x,y)& =n(y)x —n(x)y, (2.12)

R(& x)y = g(x, y)é —n(y)x, (2.13)

R(& x)E = x +1(x)E, (2.14)

S(x,&) = (n—1)n(x), (2.15)

Q& = (n—1)¢, (2.16)

for any vector fields x, v,z on M.

Definition 2.2. In any Riemannian or semi-Riemannian manifold M, the quasi-conformal curvature tensor w is
characterized by

w(x,y)z = aR(x,y)z +b(S(y,z)x — S(x,2)y
+9(y,z)Qx — g(x,2)Qy)

r a
— (7 T 20)(9(y, 2)x — g(x,2)y)- (217)

given that a and b are constants with the condition ab # 0, it follows that neither a nor b is zero. Let R denote the
Riemannian curvature tensor of type (1,3), S represent the Ricci tensor of type (0,2), Q signifies the Ricci operator
defined by g(Qx, y) = S(x, y) and r indicates the scalar curvature of the manifold,
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Ifa=1andb = _(anz)/ then it takes the form

w(x,y)z =R(x,y)z + (S(y,z)x — S(x,2)y (2.18)

1
(n—2)
+9(y,2z)Qx — g(x,2)Qy)

r
—m(g(y,Z)x —9(x,2)y),
= C(x,y)z.
Let C denote the Conformal curvature tensor as described in [17]. It is known that the conformal curvature
tensor C is a particular instance of the quasi-conformal curvature tensor w. A manifold is classified as
quasi-conformally flat if the tensor w vanishes identically on M.

3. On Ricci-Yamabe and 1-Ricci-Yamabe Solitons in LP-Kenmotsu Manifolds
Let (M, ¢, &, 1, g) be an paracontact metric manifold. Consider the equation

£:9+25a + (2A - Br)g +2un®n =0, (3.1)

Here, r represents the scalar curvature, and S denotes the Ricci curvature tensor field corresponding to the
metric g. The symbols a, A, §, and u are real constants, while £:g stands for the Lie derivative of g along the
vector field £. Expressing £:¢ in terms of the Levi-Civita connection V, hence we get:

2aS(x,y) = —g9(Vas, y) — 9(x, V&) = 2Ag(x, y) + Brg(x, y) — 2un(x)n(y), (3.2)
for each x, y € x(M), or equivalently

5o ) = | = A+ Egte ) + - wnean(y) |, (53)
for each x, y € x(M).
This equation results in
S(06) = [~ A+ Eneo), 649
Qr= 210 -A+ B v - ), (5)

From the equation (2.15) and (3.4), we conclude

(u—A+ %) =a(n-1). (3.6)

An n-Ricci-Yamabe soliton is defined as a set of data (g, &, A, B, @, u) that satisfy equation [9]. From this, we
can deduce the following theorem:

Theorem 3.1. Let M be a LP-Kenmotsu manifold of dimension n. The manifold is a n-Einstein manifold of form (3.3)
if it admits a n-Ricci-Yamabe soliton (g, &, A, B, a, ). The scalars A, B, and y have relations by (u—A+ %) =a(n-1).

In particular, by setting u = 0 in (3.3) and (3.6), we obtain S(x,y) = 1[(1 - A + %r)g(x, y) + n(x)n(y)] and
A+5)=a—n).

Corollary 3.1. Let M be a LP-Kenmotsu manifold of dimension n. When a n-Ricci-Yamabe soliton (g,¢&, A, B)
is present, the manifold assumes the characteristics of an n-Einstein manifold, with its expansion or contraction
determined by the nature of the vector field as either spacelike or timelike.
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4. On n-Ricci-Yamabe Solitons in LP-Kenmotsu manifolds obeying Ricci semi-symmetric

In this section, we consider an n-dimensional LP-Kenmotsu manifold that admits an 7-Ricci-Yamabe
soliton satisfying R - S = 0, which results in [10]

(R(x,y) - S)(z,w) = 0. 4.1)
By referring to (4.1), we conclude

S(R(x,y)z,w) + S(z,R(x, y)w) = 0. (4.2)
Substituting x = & into (4.2), we get

S(R(&,y)z,w) + S(z,R(&, y)w) = 0. (4.3)
By replacing S as given in (3.3) and applying the symmetries of R, we get

(u—1)

- 90 y)n(y) + g(x, y)n(z) + 2n(x)n(y)n(z)]- (44)

Taking z = ¢ in the above equation, we get

)
04

[9(x,y) +n(x)n(y)] =0 (4.5)
We deduce that u = 1. Using the relation (3.6), we get A = ’%r —a(n—1).
From this, we can deduce the following theorem:

Theorem 4.1. Let M be a LP-Kenmotsu manifold of dimension n which admits a proper n-Ricci-Yamabe soliton and
satisfies Ricci semi-symmetric. Then, it is implied that p = 1 and A = % —a(n—1).

From the theorem mentioned above, we get

Corollary 4.1. If Ricci semi-symmetric holds for a LP-Kenmotsu manifold M, then there is no n-Ricci-Yamabe soliton
associated with the potential vector field &.

5. On n-Ricci-Yamabe Solitons in quasi-conformally flat LP-Kenmotsu manifolds

Consider a manifold M admitting an n-Ricci-Yamabe soliton, and suppose it is quasi-conformally flat
(i.e., w = 0). Then, from (2.17), we conclude that

R(x, )2 = ~2(S(y,2)% — S(x, 2y +9(5,2)Qx ~ g(x,2)Qy)

(2 (g, 2)x — g%, 2)y). (5.1)

-

an "n—1

Using equations (2.4), (3.3), and (3.4), and taking the inner product of equation (5.1) with the vector field &,
we obtain:

b
R = [ - 22— B L)
[9(y, 2)n(x) — g(x,2)n(y)]- (52)

By virtue of (2.9) and (5.3), we obtain

bA _nb _ pbr L( a
ae aa 2aa  an n—1

o) - 1] (9, 2)n(x) — 9(x, 2)()] = 0. (53)
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Substituting x = £ into the last equation, we get

bA  nb ,B_b?’ r(a
n—1

ax  aa  2aa  an

o) - 1] [9(9,2) — @] = 0, (5.4

which implies that A = [n + % + 9 =G+ Zb)].

From the relation (3.6), we obtain u = [a(n -D+n+ 5 -niG5H5+ 2b)].

From this, we can deduce the following theorem:

Theorem 5.1. A LP-Kenmotsu manifold that is quasi-conformally flat admits a proper n-Ricci-Yamabe soliton with
parameters A = [n+ % + 95— (ﬁ +2b)] and u = [a(n—l) +n+ 5 - (ﬁ +2b)].

From the theorem mentioned above, we get

Corollary 5.1. A n-Ricci-Yamabe soliton with the potential vector field & does not exist for a LP-Kenmotsu manifold
satisfying w = 0.

6. On 7n-Ricci-Yamabe solitons in the framework of LP-Kenmotsu manifolds featuring Codazzi-type
Ricci tensors and cyclic parallel Ricci tensors

In this section, we explore n-Ricci-Yamabe solitons within the context of LP-Kenmotsu manifolds ex-
hibiting both cyclic parallel and Codazzi type Ricci tensors. The foundational concepts of Codazzi type
Ricci tensor and cyclic parallel Ricci tensor were originally formulated by Gray in his 1978 work [3].

Definition 6.1. In the context of LP-Kenmotsu geometry, a manifold is characterized as having a Codazzi-type Ricci
tensor when its non-zero Ricci tensor S, which is of type (0,2), fulfills a particular criterion. This classification is
applied to manifolds where the following condition is satisfied:

(V25)(x,y) = (Vx5)(y, 2), (6.1)
forall x,y,z on M.
Differentiating equation (3.3) covariantly along z, we obtain:
1—
V-5 ) = (Ve () + 1V W) 62)
By using (2.9) and (6.2), we get
1—
759 = T gz 1n(9) + 962, 1000 + 21nINE) 63)
(V25)(x, y) = (sz)(yrz) (6.4)
Using (6.3), (6.4) has the following form:
-1
gz y)nx) — gl y)n(z)] =0 (65)

With z = £ substituted in (6.5), we obtain

u—1
a

(n(y)n(x) +g(x, y)] =0 (6.6)

which implies that 1 = 1. We get A = % +1—a(n — 1) from the relation (3.6). As a result, the following
theorem can be stated:
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Theorem 6.1. Let (g,&, A, 1) be a proper n-Ricci-Yamabe soliton in an n-dimensional LP-Kenmotsu manifold. If the
manifold has a Ricci tensor of Codazzi type, then p = 1 and A = %r +1—a(n-1).

From this, we can deduce the following theorem:

Corollary 6.1. An LP-Kenmotsu manifold with a Codazzi-type Ricci tensor cannot admit a Ricci-Yamabe soliton
when the potential vector field is &.

Definition 6.2. An LP-Kenmotsu manifold is defined to have a cyclic parallel Ricci tensor if it fulfills the condition
given by [14]

(ViS)(y,2) + (VyS)(z,x) + (V2S)(x,y) =0, 6.7)
forall x,y,z on M.

Consider an n-dimensional LP-Kenmotsu manifold with an n-Ricci-Yamabe soliton given by (g,&,A, u),
where the manifold possesses a cyclic parallel Ricci tensor. In this case, equation (6.7) is satisfied. Taking
the covariant derivative of (3.3) and utilizing (2.9), we get

V-5 = LD gtz () + 9z, 10 + 21@nENEL ©9)
Similarly, we have

¥:5)2) = Lo vy + gz ) + 20@nw)n@), 69)
and

¥,8) %) = L= o, 290 + 90 1)n(z) + 2000 (610)

By applying (6.8)-(6.10) in (6.10), we obtain:

(u—1)

[04

[9(x, y)n(z) + g(y, 2)n(x) + g(z, )n(y) + 3n(x)n(y)n(z)] = 0. (6.11)
Now, substituting z = £ in (6.11), we get

(u—1)

o

[9(x, y) +n(x)n(y)] =0 (6.12)

from this, it follows that u = 1. Using the relation (3.6), we get A = ’%r +1—a(n —1). From this, we can
deduce the following theorem:

Theorem 6.2. Let (g,&, A, 1) be a proper n-Ricci-Yamabe soliton in an n-dimensional LP-Kenmotsu manifold. If the
manifold has cyclic parallel Ricci tensor, then A = % +1—amn—1)and u=1.

From the theorem stated above, we conclude that

Corollary 6.2. A Ricci-Yamabe soliton with a Ricci tensor of Codazzi type cannot be admitted by a LP-Kenmotsu
manifold if it possesses a potential vector field &.
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7. @-quasi-conformally semi-symmetric LP-kenmotsu manifolds with 7-Ricci-Yamabe solitons

On LP-Kenmotsu manifolds, consider ¢-quasi-conformally semi-symmetric n-Ricci-Yamabe solitons.
Next, we have

w-¢p =0, (7.1)
which implies that
w(x, y)pz — p(w(x, y)z) = 0. (7.2)

substituting z = £ in (7.2), we get

p(w(x, y)&) =0. (7.3)

Applying (2.2), (2.12), (2.15), and (2.16) to (2.17) after replacing z = &, we now get
wlr, )¢ = (a4 nb - L0 - 22— 6 ) e = n(aa) 7.4
With reference to (7.3) and (7.4), we obtain

platr,1)8) = (a4 = =T = 2 ) V) — )] 75)
=0.

<ﬂ +nb — m - 7 - bA) n(y)(pzx =0. (7.6)
<a +nb — ni—1) 27rb - b/\) [x +n(x)&] =0. (7.7)

(u +nb— Py e b)\) [g(x, U) +n(x)n(u)] =0, (7.8)

which implies that A = §(1— n(n—r_l)) + (n—Z). From the relation (3.6) we obtain u = § (1— m) + (a(n—
1) +n—2).
From this, we can deduce the following theorem:

Theorem 7.1. A @-conformally semi-symmetric LP-Kenmotsu manifold admits a proper n-Ricci-Yamabe soliton
with A = § (1—@) +m—Lyandp =14 (1—71(;1—’_1)) + (a(n—1)+n—2Z).

From the theorem stated above, we conclude that

Corollary 7.1. When w - ¢ = 0 in an LP-Kenmotsu manifold, there is no Ricci-Yamabe soliton with the potential
vector field &.
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8. n-Ricci-Yamabe solitons on ¢-Ricci symmetric LP-Kenmotsu manifolds
Definition 8.1. A LP-Kenmotsu manifold is said to be q-Ricci symmetric if

P*(V:Q)y =0, 8.1)
holds for vector fields x, y.

If x, y are orthogonal to &, then the manifold is said to be locally p-Ricci symmetric. It is well-known that
@-symmetric implies ¢-Ricci symmetric, but the convese is not true. ¢-Ricci symmetric have been studied
by De and Sarkar [32].

The Ricci tensor corresponding to an n-Ricci-Yamabe soliton on a LP-Kenmotsu manifold is given by

st = 5[ (1= 2+ Bt + (1= |, 2)
Consequently, it follows that
Qv = 1| a-a+ Hh+ a-wnwel, ©3)

(VxQ)y = V:Qu — Q(Vxy)

1—
= Ty[(vxn)(y)é = n(y)Ves]. (8.4)
Using (2.8) and (2.9), we obtain
-1
(V:Q)y = = (g + n(x + 200m()e] 55
Using ¢? on both sides of the equation above, we find
-1
P*(V:Q)y = %n(yﬁpzx- (8.6)
From (8.1) and (8.6), we have
-1
%n(y)wzx =0. (8.7)
Using (2.1) and (8.7), we find
~1
w — Jv + 10 =0 (88)

Taking (8.8) inner product with respect to u, we obtain

(k-1

2 g + n@n(w] =, (59)
This implies that u = 1. We get A = %r
following theorem:

+1 — a(n — 1) from the relation (3.6). From this, we can deduce the

Theorem 8.1. The LP-Kenmotsu manifold with ¢-Ricci symmetry permits an adequate n-Ricci-Yamabe soliton with
A= %+1—a(n—1)andy=l.

As a corollary of this theorem, we have

Corollary 8.1. A Ricci-Yamabe soliton with the potential vector field & does not exist on a @-Ricci symmetric
LP-Kenmotsu manifold.
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9. n-Ricci-Yamabe Solitons on LP-Kenmotsu Manifolds with Quasi-Conformal curvature tensor

Let n-Ricci-Yamabe solitons be considered on Quasi-Conformal curvature tensor LP-Kenmotsu mani-
folds. After that, we have

w-5=0, (9.1)
which implies
(w(x,y) - S)(z,u) = 0. 9.2)

From (9.2), we get

S(w(x, y)z,u) + S(z,w(x, y)u) = 0. 9.3)
In (9.3), we have (3.3).
1—
L - et B gt vz + S i,z
1—
20w B gta e,y + B s (e
—o0. (9.4)
Using x = u = £ in (9.4), we obtain
1—
L1 - a+ B gtate, vz, £ + T E ot pom)
1—
4%(1 —a+ %r)g(z,w(é, y)&) + %n(w(é, y)an(z)
—o0. (9.5)
Using (2.18), we obtain
w(&, y)E = [[a +nb —bA — %( 0 i 0 +20)|(y + n(y)é)]. (9.6)
Using (9.6), we obtain
n(w(&, y)z) = g(w(&, y)z, &)
= —g(w(&, y)&, 2).
- —[a b= b1 = (T zw] [9(y,2) + n(y)n(=). 97)
Also, from (9.7), we find
n(w(&, y)¢) = 0. ©8)
Combining (9.6), (9.7), and (9.8) in (2.5), we obtain
1—
( — ) P = e - 5+ 20| [9,2) + ()] = 0. 99)

Thus either (1 — ) = 0 or [a + nb — bA — (555 +2b)] = 0.
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Case I if y = 1 then from (3.6), we get A = % +1—a(n-1).

Case II: if [a + nb — bA — L(=2= + 2b)| = 0, implies that A = 4(1 — ﬁ) +(n—%)and p =
%(1—,“"—[1))4—(04(71—1)-1—11—27 .

Therefore, the theorem can be stated as follows:

Theorem 9.1. If a Quasi-Conformal curvature tensor on LP-Kenmotsu manifold admits a proper n-Ricci-Yamabe
soliton, then p = 1and A = & +1—a(n—1), or A = %(1—71(71—11)) +(n—%)and y = %(1—}1(71—21» +
(a(n—1)+n—2).

From this, we can deduce the following theorem:

Corollary 9.1. On a LP-Kenmotsu manifold that is Quasi-Conformal curvature tensor, a Ricci-Yamabe soliton
cannot exist with the potential vector field &.
10. Example

Consider the three-dimensional manifold M = {(x,y,z) € R®: z # 0},where x, y, and z are the usual
coordinate functions in R3.

The vector fields
0 0
a = za, ap = Zé_y and az = z& =¢, (10.1)

At every point M, the coordinate functions x, y, and z are linearly independent. We introduce the metric g
as

g(a,a3) = g(az,a3) = g(a1,a2) =0
g(a,m) =g(ax,a) =g(az,a3) =1,

Consider the 1-form 71 given by
n(z) = g(z,a3) = 9(z, &) (10.2)

for any vector field z on M.
Let ¢ be the (1,1)-tensor field defined by

p(a) =ay, ¢@a2) =a, @(a3)=0. (10.3)
Thus, by applying the linearity of ¢ and g, we obtain

nas) =1, ¢’z=—-z+1(2)§ (10.4)
9 (pz,pw) = g(z,w) — n(z)n(w), (10.5)

where & = a3 and z, w are arbitrary vector fields on M. It is easy to see that
n(a) =0, n(a) =0, nlas)=1.

Denote V as the Levi-Civita connection with respect to the Lorentzian metric g. Thus, when a3 = &, the
structure (¢, &, 1,9) creates a Lorentzian nearly paracontact metric structure on M. As a result, we get

[a1,a2] = 0,[a1,a3] = a1, [a2,a3] = a,. (10.6)
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By applying Koszul’s formula for the Levi-Civita connection V associated with the metric g, i.e.,

2g(Vay, z) = xg(y,z) + yg(z,x) — zg(x, y)
—g(x, [y,z]) — 9(y, [x,z]) + g(z, [x, y]), (10.7)

One can easily calculate

Vm{)ll = —a3, Vm{)lz = O, lelg, = 4ay, (108)
Vazal = 0, Va2a2 = —da3z, Vazag, =dy, (109)
Va1 =0,Vga, =0,V45a3 =0 (10.10)

Based on the above computations, it follows that the given manifold satisfies
V:é = —z—1(2)¢, and (Vzp)w = —g(pz,w)& — n(w)pZ. (10.11)

It is also possible to find the Riemannian curvature tensor R by

R(x,y)z = ViVyz =V, Vo2 = V[ 2. (10.12)
Then

R(a1,az)ar = —a1, R(ay, a3)as = —a1, R(ar, az)ay = a; (10.13)

R(az,a3)a; = 0,R(a1,a3)az = 0,R(ay,a2)a3 = 0 (10.14)

R(az,a3)as = —az, R(a1,a3)a1 = as, R(az, a3)ax = as. (10.15)

And the Ricci tensor S is given by
S(ﬂi, ai) = _2/ for l = 1/2/3 (1016)

and by contracting the Ricci tensor we have r = 32 =—6.
From (3.4),we get

S(an,a1) = S(a, 1) i(l _A—3p) (10.17)
S(as, a3) = %(1 _A—38)+ i(l — 1) (10.18)

therefore A = 1 —2a — 3ap and y = 1. Consequently, on the LP-Kenmotsu manifold M, g defines a
n-Ricci-Yamabe soliton.
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