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SEMI-SLANT SUBMERSION FROM AN ALMOST
PARA COSYMPLECTIC MANIFOLD

Rajendra Prasad1 and Shashikant Pandey23

Abstract. In this paper, we introduce semi-slant submersion from
an almost para-cosymplectic manifold onto a Riemannian manifold. We
obtain some results and investigate the geometry of foliations. Finally, we
obtain the necessary and sufficient conditions for a semi-slant submersion
to be totally geodesic and harmonic. Also, we provide some examples of
such submersions.
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1. Introduction

A differentiable map f : (M, gr) → (N, gs) between Riemannian manifolds
(M, gr) and (N, gs) is called a Riemannian submersion if f∗ is onto and it
satisfies

gs(f∗X, f∗Y ) = gr(X,Y )

for X,Y vector fields tangent to M . Firstly B. O’ Neill [17] and A. Gray
[8] studied Riemannian submersions between Riemannian manifolds. Rieman-
nian submersions between Riemannian manifolds equipped with differentiable
structures was studied by Watson in [25]. Watson also showed that the base
manifold and each fiber have the same kind of structure as the total space,
in most cases, see [24] and [25]. Also, there are several kinds of Riemannian
submersions, like: slant submersions [21], anti-invariant submersions [23], [6],
contact-complex submersions [9], [5], quaternionic submersions [12], H-slant
submersions [18], semi-invariant submersions [22], H-semi-invariant submer-
sions [19], paracontact semi-Riemannian submersions [11], locally conformal
Kähler submersions [16], hemi-slant submersions [1], para-quaternionic sub-
mersions [4]. After that, there are lots of papers on this topic. Riemannian
submersions have several applications in mathematical physics [14]. Indeed,
Riemannian submersions have their applications in the Yang-Mills theory [2],
Kaluza-Klein theory [3] and [13], supergravity and superstring theories [15], etc.
Later such submersions were considered between manifolds with differentiable
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structures, see [7]. In [20], K.S. Park and Rajendra Prasad introduced semi-
slant submersion from almost Hermitian manifolds onto Riemannian manifolds
and in [10], Y. Gunduzalp studied semi-slant submersion from almost product
Riemannian manifolds. They showed that such submersions have rich geomet-
ric properties and they are useful for investigating the geometry of the total
space. We know that a semi-slant submersion is the generalized version of a
slant submersion. There are some similarities and differences between slant
Riemannian submersions and semi-slant Riemannian submersions. In order to
such submersions be harmonic, a semi-slant submersion has much nicer form
than a slant submersion. Motivated by the above, we are interested in study-
ing a semi-slant submersion from an almost para-cosymplectic manifold onto a
Riemannian manifold.

In this paper, we define a semi-slant submersion from an almost para-
cosymplectic manifold onto a Riemannian manifold. The paper is organized
as follows: In section two, we recall some notions needed for this paper. In
section three, we give definition of a semi-slant submersion from an almost
para-cosymplectic manifold onto a Riemannian manifold and we obtain some
results and investigate the geometry of foliations. We also investigate the ge-
ometry of leaves of the distributions. Finally, we obtain necessary and sufficient
condition for the harmonicity of semi-slant submersion from an almost para-
cosymplectic manifold onto a Riemannian manifold. Also, we provide some
examples of such submersions.

2. Preliminaries

In this section, we are going to recall main definitions and several properties
of an almost para-cosymplectic manifold and also semi-slant submersion and
the results needed for study throughout this paper.

2.1. Almost para-cosymplectic manifold

Let M be an odd dimensional manifold. If there exist on M a (1, 1) type
tensor field J , a vector field ξ, and 1-form η satisfying

(2.1) J2 = I − η ⊗ ξ, η(ξ) = 1, rankJ = 2n

(2.2) Jξ = 0, η ⊗ J = 0,

An almost para-contact manifold is said to be an almost para-contact metric
manifold if the Riemannian metric gr on M satisfies

(2.3) gr(JX, JY ) = gr(X,Y )− η(X)η(Y ), gr(ξ,X) = η(X),

for all X,Y ∈ Γ(TM). The almost para-contact metric structure (J, ξ, η, gr) is
said to be normal if [J, J ]− 2dη ⊗ ξ = 0, where [J, J ] is Nijenhuis tensor. The
fundamental 2-form Φ on M is defined by Φ(X,Y ) = gr(X, JY ) for any vector
fields X,Y ∈ Γ(TM). Using equation (2.1) and (2.2), we have

(2.4) gr(JX, Y ) = gr(X, JY )
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An almost para-contact metric manifold is said to be an almost para-cosym-
plectic Riemannian manifold if it has a normal almost para-contact metric
structure and both Φ and η are closed, i.e. dΦ = 0 and dη = 0. Then, the
structure equation of a para-cosymplectic manifold (M,J, ξ, η, gr) is given by

(2.5) (∇XJ)Y = 0,

for any vector fields X,Y ∈ Γ(TM), where ∇ denotes the Levi-Civita connec-
tion of gr on M .

Example 2.1. Let (xi, yi, z) be Cartesian coordinates on R2n+1 for i = 1, ..., n.
An almost para-contact metric structure (J, ξ, η, gr) on R2n+1 is defined as

follows: gr =
∑n

i ((dxi)
2 + (dyi)

2 + (dz)2), J =

 0 δij 0
δij 0 0
0 0 0


ξ = ∂

∂z , η = dz.

We can easily show that (J, ξ, η, gr) is an almost para-cosymplectic struc-
ture in R2n+1. The vector fields Ei = ∂

∂yi
, En+i = ∂

∂xi
, ξ form a J-basis

for an almost para-cosymplectic structure in R2n+1. Thus, R2n+1 with an
almost para-cosymplectic structure(J, ξ, η, gr) is an almost para-cosymplectic
manifold.

2.2. Riemannian submersions

Let (M, gr) be an r-dimensional Riemannian manifold and (N, gs) be an
s dimensional Riemannian manifold. A Riemannian submersion is a smooth
map f : M → N which is onto and satisfies the following axioms:
(a). f has maximal rank.
(b). The differential f∗ preserves the lengths of horizontal vectors.
The fundamental (1, 2) tensors T and A of a submersion on M , are defined by

TEF = H∇VEVF + V∇VEHF,

AEF = V∇HEHF +H∇HEVF,

for any vector fields E and F on (M, gr). Here ∇ denotes the Levi-Civita
connection of (M, gr). These tensors are called integrability tensors for Rie-
mannian submersions. We denote the projection morphism on the distribution
kerf∗ and (kerf∗)

⊥ by V and H, respectively.
Now, we recall the following lemma which will be needed for later discussion.

Lemma 2.2. Let U and V be any vertical vector fields, and X and Y horizontal
vector fields. Then the tensor fields T and A satisfy:

TUW = TWU,

AXY = −AY X =
1

2
V[X,Y ],
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Now, it is easy to see that T is vertical, TE = TVE and A is horizontal,
A = AHE .

Lemma 2.3. Let f : (M, gr) → (N, gs) be a Riemannian submersion. If X,Y
are basic vector fields on M , then:
(a). gr(X,Y ) = gs(X∗, Y∗)of ,
(b). H[X,Y ] is basic, f -related to [X∗, Y∗],
(c). H(∇XY ) is basic vector field corresponding to ∇∗

X∗
Y∗, where ∇∗ is the

connection on N .
(d). for any vertical vector field V , [X,V ] is vertical.

If X is basic and U is vertical, then H(∇UX) = H(∇XU) = AXU . Now,
we obtain

(2.6) ∇PQ = TPQ+ ∇̄PQ

(2.7) ∇PX = H∇PQ+ TPX

(2.8) ∇XP = AXP + V∇XP

(2.9) ∇XY = H∇XY +AXY

for any P,Q ∈ Γ(kerf∗) and X,Y ∈ Γ((kerf∗)
⊥), where ∇̄PQ = V∇PQ.

Note that T acts on the fibers as the second fundamental form of the sub-
mersion restricted to vertical vector fields and it can be easily obtained that
T = 0 is equivalent to the condition that the fibers are totally geodesic. A
Riemannian submersion is called Riemannian submersion with totally geodesic
fiber if T vanishes identically. Now, assume that {e1, . . . , er−s} is an orthonor-
mal frame of Γ(kerf∗). Then the horizontal vector field H = 1

r−s

∑r−s
i=1 Teiei

is called the mean curvature vector field of the fiber. Riemannian submer-
sion is said to be minimal if H = 0. A Riemannian submersion is said to be
Riemannian submersion with totally umbilical fibers if

(2.10) TXY = gr(X,Y )H,

for X,Y ∈ Γ(kerf∗). TE and AE are skew symmetric operators on Γ(TM) for
any E ∈ Γ(TM) reversing the horizontal and the vertical distributions. Using
Lemma 2.2 horizontally distribution H is integrable if and only if A = 0. For
any X,Y, Z ∈ Γ(TM) we have

(2.11) gr(TXY, Z) + gr(TXZ, Y ) = 0,

(2.12) gr(AXY, Z) + gr(AXZ, Y ) = 0.

Let (M, gr) and (N, gs) be Riemannian manifolds and suppose that φ : (M, gr) →
(N, gs) is a smooth map between them. Then the differential φ∗ of φ can be
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viewed as a section of the bundle Hom(TM,φ−1TN) → M , where φ−1TN is
the pullback bundle which has fibers (φ−1TN)x = Tφ(x)N, x ∈ M .
Hom(TM,φ−1TN) has a connection ∇ induced from the Levi-Civita connec-
tion ∇M and the pullback connection. Then the second fundamental form φ
is given by

(2.13) (∇φ∗)(X,Y ) = ∇φ
Xφ∗(Y )− φ∗(∇M

X Y ),

for any X,Y ∈ Γ(TM), where ∇φ is the pullback connection. It is well known
that second fundamental form is symmetric. If φ is a Riemannian submersion
it can be easily obtained that

(2.14) (∇φ∗)(X,Y ) = 0

for any X,Y ∈ Γ((kerf∗)
⊥). A smooth map φ : (M, gr) → (N, gs) is said to

be harmonic if trace(∇φ∗) = 0. The tension field of φ is the section τ(φ) of
Γ(φ−1TN) defined by

(2.15) τ(φ) = divφ∗ =

r∑
i=1

(∇φ∗)(ei, ei),

where {e1, ...., er} is the orthonormal frame of M . Then it follows that φ is
harmonic if and only if τ(φ) = 0.

3. Semi-slant submersion from an almost
para-cosymplectic manifold onto a Riemannian mani-
fold

In this section, we give definition of a semi-slant submersion from an almost
para-cosymplectic manifold onto a Riemannian manifold and we obtain some
results and investigate the geometry of foliations.

Definition 3.1. Let (M,J, ξ, η, gr) be an almost para-cosymplectic manifold
and (N, gs) Riemannian manifold. A Riemannian submersion
f : (M,J, ξ, η, gr, ) → (N, gs) is called a semi-slant submersion if there is a
distribution Da ∈ Γ(kerf∗) such that

kerf∗ = Da ⊕Db ⊕ ⟨ξ⟩, J(Da) = Da,

and the angle θ = θ(X) between JX and the space (Db)x is constant for non
vanishing X ∈ (Db)x and x ∈ M , where Db is the orthogonal to Da and ⟨ξ⟩ in
kerf∗. We call θ the semi-slant angle of the semi-slant submersion.

Let f : (M,J, ξ, η, gr) → (N, gs) be a semi-slant Riemannian submersion
from an almost para-cosymplectic manifold onto a Riemannian manifold then
there is a distribution Da ⊂ (kerf∗) such that

(3.1) kerf∗ = Da ⊕Db ⊕ ⟨ξ⟩, J(Da) = Da
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and the angle θ = θ(X) between JX and the space (Db)x is constant for
nonzero X ∈ (Db)x and x ∈ M , where Db is the orthogonal to Da and ⟨ξ⟩ in
kerf∗.

Then for X ∈ Γ(kerf∗), we have

(3.2) X = PX +QX + η(X)ξ,

where PX ∈ Γ(Da) and QX ∈ Γ(Db).
For X ∈ Γ(kerf∗), we write

(3.3) JX = ϕX + ωX,

where ϕX ∈ Γ(kerf∗) and ωX ∈ Γ((kerf∗)
⊥).

For Z ∈ Γ((kerf∗)
⊥), we have

(3.4) JZ = BZ + CZ,

where BZ ∈ Γ(kerf∗) and CZ ∈ Γ((kerf∗)
⊥).

For U ∈ Γ(TM), we have

(3.5) U = VU +HU,

where VU ∈ Γ(kerf∗) and HU ∈ Γ((kerf∗)
⊥).

For W ∈ Γ(kerf−1TN), we have

(3.6) W = P̄W + Q̄W,

where P̄W ∈ Γ(rangef∗) and Q̄W ∈ Γ((rangef∗)
⊥).

Then

(3.7) (kerf∗)
⊥ = ωDb ⊕ µ,

where µ is the orthogonal complement of ωDb in (kerf∗)
⊥ and it is invariant

under J . For X,Y ∈ Γ(kerf∗). Now, we define the covariant derivative of ϕ
and ω

(∇Xϕ)Y = ∇̄XϕY − ϕ(∇̄XY ),

(∇Xω)Y = H∇̄XωY − ω(∇̄XY ),

for all X,Y ∈ Γ(kerf∗), where ∇̄ = V∇XY . Then we obtain easily

Lemma 3.2. Let (M,J, ξ, η, gr) be an almost para-cosymplectic manifold and
(N, gs) be a Riemannian manifold. Let f : (M,J, ξ, η, gr) → (N, gs) be a semi-
slant submersion from an almost para-cosymplectic manifold onto a Rieman-
nian manifold. Then we get the following:

(3.8) ∇̄ϕY − ϕ∇̄XY = BTXY − TXωY,

(3.9) H∇XωY − ω∇̄XY = CTXY − TXϕY,
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for X,Y ∈ Γ(kerf∗).

(3.10) V∇ZBW +AZCW = BH∇ZW + ϕAZW,

(3.11) H∇ZCW +AZBW = CH∇ZW + ωAZW,

for Z,W ∈ Γ((kerf∗)
⊥)

(3.12) ∇̄XBZ + TXCZ = BH∇XZ + ϕTXZ,

(3.13) H∇XBZ +H∇XCZ = CH∇XZ + ωTXZ,

for X ∈ Γ(kerf∗) and Z ∈ Γ((kerf∗)
⊥).

Theorem 3.3. Let f : (M,J, ξ, η, gr) → (N, gs) be a semi-slant submersion
from an almost para-cosymplectic manifold onto a Riemannian manifold. Then
f is a proper semi-slant submersion if and only if there exist a constant λ ∈ [0, 1]
such that

(3.14) ϕ2X = λ(X − η(X)ξ)

for all X ∈ Γ(Db), where λ = cos2θ.

Proof. For any non zero X ∈ Γ(Db), let θ(X) be a semi-slant angle. Then
we get

(3.15) cosθ(X) =
||ϕX||
||JX||

.

Using (2.4) and (3.15), we have

gr(ϕ
2X,X) = gr(ϕX, ϕX)

= cos2θ(X)gr(JX, JX)

= cos2θ(X)gr(J
2X,X).

Using equation (2.1), we obtain

ϕ2X = cos2θ(X)(X − η(X)ξ).

Let λ = cos2θ, then we get

ϕ2X = λ(X − η(X)ξ).

for all X ∈ Γ(Db).
Conversly, let there exist a constant λ ∈ [0, 1], which satisfies ϕ2X = λ(X −
η(X)ξ). Then using (2.4) and (3.3), we obtain

cosθ(X) =
gr(JX, ϕX)

||JX||||ϕX||

=
λgr(JX, JX)

||JX||||ϕX||
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Thus we get for all X ∈ Γ(Db).

(3.16) cosθ(X) =
||JX||
||ϕX||

λ.

Using (3.15) and (3.16), we have

λ = cos2θ(X).

It is clear that for a proper semi-slant submersion from an almost para-cosym-
plectic manifold onto a Riemannian manifold the semi-slant angle θ(X) is al-
ways constant.

Proposition 3.4. Let f : (M,J, ξ, η, gr) → (N, gs) be a semi-slant submersion
from an almost para-cosymplectic manifold onto a Riemannian manifold with
semi-slant angle θ. Then for any X,Y ∈ Γ(Db), we obtain

(3.17) gr(ϕX, ϕY ) = cos2θgr(X,Y )

(3.18) gr(ωX,ωY ) = sin2θgr(X,Y )

Proposition 3.5. Let f : (M,J, ξ, η, gr) → (N, gs) be a semi-slant submersion
from an almost para-cosymplectic manifold onto a Riemannian manifold with
semi-slant angle θ. Then we obtain

(3.19) ϕ2 +Bω = I − η ⊗ ξ

(3.20) ωϕ+ Cω = 0

Proposition 3.6. Let f : (M,J, ξ, η, gr) → (N, gs) be a semi-slant submersion
from an almost para-cosymplectic manifold onto a Riemannian manifold with
semi-slant angle θ. Then f is a proper semi-slant submersion if and only if
there exist a constant δ ∈ [0, 1], such that

(3.21) Bω = δ(I − η ⊗ ξ),

where δ = sin2θ.

Proof. From Theorem 3.3 and equation (3.19), we obtain the above result.

Theorem 3.7. Let f : (M,J, ξ, η, gr) → (N, gs) be a semi-slant submersion
from an almost para-cosymplectic manifold onto a Riemannian manifold with
semi-slant angle θ. If ω is parallel with respect to the connection ∇ on kerf∗,
then

(3.22) TϕXϕX = λ(TXX − η(X)TXξ),

for all X ∈ Γ(kerf∗).
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Proof. Since ω is parallel, then using equation (3.9) of Lemma 3.2, we have

(3.23) TXϕY = CTXY,

for all X,Y ∈ Γ(kerf∗). Substitute X = Y and Y = X in equation (3.23) and
use the obtained equation. Since T is symmetric, then we get

(3.24) TY ϕX = TXϕY,

taking Y = ϕX in equation (3.24) and using equation (3.14), we obtain

TϕXϕX = cos2θ(TXX − η(X)TXξ).

Let λ = cos2θ in above equation, then

TϕXϕX = λ(TXX − η(X)TXξ),

for all X ∈ Γ(kerf∗).

Theorem 3.8. Let f : (M,J, ξ, η, gr) → (N, gs) be a semi-slant submersion
from an almost para-cosymplectic manifold onto a Riemannian manifold with
semi-slant angle θ. Then the distribution kerf∗ defines a totally geodesic foli-
ation on M if and only if

gr(TXωY,BW )−gr(H(∇XωϕY ),W )− gr(H(∇XωY ), CW )

= cos2θη(Y )gr(TXξ,W ),(3.25)

for X,Y ∈ Γ(kerf∗) and W ∈ Γ(kerf∗)
⊥.

Proof. Let X,Y ∈ Γ(kerf∗) and W ∈ Γ(kerf∗)
⊥. Using (2.3), (3.3) and

(3.4), we obtain

gr(∇XY,W )

= gr(J∇XY, JW )

= gr(∇XϕY, JW ) + gr(∇XωY, JW )

= gr(J∇XϕY,W ) + gr(∇XωY,BW ) + gr(∇XωY,CW )

= gr(∇XJϕY,W ) + gr(∇XωY,BW ) + gr(∇XωY,CW )

= gr(∇Xϕ2Y,W ) + gr(∇XωϕY,W ) + gr(∇XωY,BW ) + gr(∇XωY,CW ),

using equations (2.7), (2.10) and (3.14), we have

gr(∇XY,W ) = cos2θgr(∇XY,W )− η(Y )cos2θgr(∇Xξ,W ) + gr(∇XωY,BW )

+ gr(∇XωY,CW ).(3.26)

Now, using equation (3.26) we get

gr(TXωY,BW )− gr(H(∇XωϕY ),W )− gr(H(∇XωY ), CW )

= cos2θη(Y )gr(TXξ,W ),

for X,Y ∈ Γ(kerf∗) and W ∈ Γ(kerf∗)
⊥, which proves the theorem.
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Theorem 3.9. Let f : (M,J, ξ, η, gr) → (N, gs) be a semi-slant submersion
from an almost para-cosymplectic manifold onto a Riemannian manifold with
semi-slant angle θ. Then the distribution (kerf∗)

⊥ defines totally geodesic fo-
liation on M if and only if

(3.27) ϕ(AXCY + V∇XBY ) +B(AXBY +H∇XCY ) = 0,

for X,Y ∈ Γ(kerf∗)
⊥.

Proof. Let V ∈ Γ(kerf∗) and X,Y ∈ Γ(kerf∗)
⊥. Using (2.3) and (3.4), we

get

gr(∇XY, V ) = gr(∇XJY, JV )

= gr(∇XBY +∇XCY, JV ),

from equation (2.9) and (2.10), we have

gr(∇XY, V ) = gr(AXBY + V∇XBY +AXCY +H∇XCY ), JV )

= gr(JAXBY + JV∇XBY + JAXCY + JH∇XCY ), V )

= gr(BAXBY + CAXBY + ϕV∇XBY + ωV∇XBY

+ ϕAXCY + ωAXCY +BH∇XCY ) + CH∇XCY ), V )

= gr(ϕ(AXCY + V∇XBY ) + ω(AXCY + V∇XBY )

+B(AXBY +H∇XCY ) + C(AXBY +H∇XCY )), V ).

So, we have from above

ϕ(AXCY + V∇XBY ) +B(AXBY +H∇XCY ) = 0,

for X,Y ∈ Γ(kerf∗)
⊥ and V ∈ Γ(kerf∗), which proves the assertion.

4. Harmonicity of semi-slant submersion from an almost
para-cosymplectic manifold onto a Riemannian mani-
fold

In this section, we deal with the harmonicity of semi-slant submersion from
an almost para-cosymplectic manifold onto a Riemannian manifold. Also, we
provide some examples of such submersions.

Theorem 4.1. Let f : (M,J, ξ, η, gr) → (N, gs) be a semi-slant submersion
from an almost para-cosymplectic manifold onto a Riemannian manifold with
semi-slant angle θ. Then f is a harmonic map if and only if

(4.1) trace(∇f∗) = 0

on Db.
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Proof. Since f be a semi-slant submersion from an almost para-cosymplectic
manifold onto a Riemannian manifold. So we can choose a local orthonormal
frame {e1, e2, ...., e2p} of Da and a local orthonormal frame {v1, v2, ...., vq} of
Db. The vector field ξ is a horizontal vector field and orthogonal to Da and
Db. So a local orthonormal frame of kerf∗ is {v1, v2, ...., vq, e1, e2, ...., e2p, ξ}
such that for 1 ≤ i ≤ p, q

e2i−1 = Je2i,

and
Jξ = 0

Since

f∗(∇Je2i−1Je2i−1) = −f∗(∇e2ie2i), f∗∇ξξ = 0

trace(∇f∗) = 0 ⇔
r∑

i=1

f∗(∇eiei) = 0

i.e. f∗ is harmonic map on Db.

Theorem 4.2. Let f : (M,J, ξ, η, gr) → (N, gs) be a semi-slant submersion
with totally umbilical fibers from an almost para-cosymplectic manifold onto a
Riemannian manifold with semi-slant angle θ. Then H ∈ Γ(ωDb).

Proof. For X,Y ∈ ΓDb and W ∈ Γµ, we obtain

J∇XY = J∇̂XY + JTXY,

(∇XJ)Y −∇XJY = ϕ∇̂XY + ω∇̂XY +BTXY + CTXY,

so that
gr(TXϕY,W ) = gr(CTXY,W ).

By the above, we get

gr(ϕTXY,W ) = gr(X,ϕY )g(H,W )

gr(X,ϕY )gr(H,W ) = −gr(TXY, ϕW )

(4.2) gr(X,ϕY )gr(H,W ) = −gr(X,Y )gr(H,ϕW ),

replacing X by Y and Y by X in above equation, we get

(4.3) gr(Y, ϕX)gr(H,W ) = −gr(Y,X)gr(H,ϕW ),

by equation (4.2) and (4.3), we obtain

(4.4) gr(X,Y )gr(H,ϕW ) = 0,

Since ||X|| ̸= 0, hence
H ∈ Γ(ωDb).

Examples.
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Example 4.3. Let f be a semi-invaraint submersion from an almost para-
cosymplectic manifold (M,J, ξ, η, gr) onto a Riemannian manifold (N, gs). Then
the map f is a semi-slant submersion with the semi-slant angle θ = π

2 .

Example 4.4. Let f be a slant submersion from an almost para-cosymplectic
manifold (M,J, ξ, η, gr) onto a Riemannian manifold (N, gs). Then the map f
is a semi-slant submersion with Db = kerf∗.

Example 4.5. Define the map f : R7 → R2 by

f(x1, x2, ...., x7) = (x3sinα− x5cosα, x6),

where α ∈ (0, π
2 ). Then the map f is a semi-slant submersion from an almost

para-cosymplectic manifold onto a Riemannian manifold such that
Da = ⟨ ∂

∂x1
, ∂
∂x2

⟩, Db = ⟨ ∂
∂x4

, cosα ∂
∂x3

+ sinα ∂
∂x5

⟩ and ξ = ∂
∂x7

with the semi-slant angle θ = α.

Example 4.6. Define the map f : R11 → R4 by

f(x1, x2, ...., x11) = (
x3 − x5√

2
, x6,

x7 − x9√
2

, x8).

Then the map f is a semi-slant submersion from an almost para-cosymplectic
manifold onto a Riemannian manifold such that
Da = ⟨ ∂

∂x1
, ∂
∂x2

⟩, Db = ⟨ ∂
∂x3

+ ∂
∂x5

, ∂
∂x7

+ ∂
∂x9

, ∂
∂x4

, ∂
∂x10

⟩ and ξ = ∂
∂x11

with the semi-slant angle θ = π
4 .

Example 4.7. Define the map f : R9 → R4 by

f(x1, x2, . . . , x9) = (x1, x2, x3cosα− x5sinα, x4sinβ − x6cosβ)

where α and β are constant functions. Then the map f is a semi-slant sub-
mersion from an almost para-cosymplectic manifold M onto a Riemannian
manifold N such that
Da = ⟨ ∂

∂x7
, ∂
∂x8

⟩, Db = ⟨sinα ∂
∂x3

+ cosα ∂
∂x5

, cosβ ∂
∂x4

+ sinβ ∂
∂x6

⟩ and ξ = ∂
∂x9

with the semi-slant angle cosθ = |sin(α+ β)|.
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