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Abstract

We introduce bi-slant £--Riemannian submersions from Sasakian manifolds onto Riemann-
ian manifolds as a generalization of slant and semi-slant £*-Riemannian submersion and
present some examples. We give the necessary and sufficient conditions for the integration
of the distributions used to define the bi-slant é--Riemannian submersions and examine
the geometry of foliations. After we obtain necessary and sufficient conditions related to
totally geodesicness of such submersion. Finally we give some decomposition theorems for
total manifold.
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1. Introduction

The differential geometry of slant submanifolds has been studied by many authors since
B.Y Chen [10] defined slant immersions in complex geometry as a natural generalization
of both holomorphic immersions and totally real immersions. Carriazo [9] has introduced
bi-slant immersions. Then Uddin et al. [31] have studied warped product bi-slant immer-
sions in Kaehler manifolds. As a generalization of CR-submanifolds, slant and semi-slant
submanifolds, Cabrerizo et al. [8] have defined bi-slant submanifolds of almost contact
metric manifolds. Recently, Alqahtani et al. [5] have investigated warped product bi-slant
submanifolds of cosymplectic manifolds.

On the other hand Riemannian submersions were introduced by B. O’Neill [19] and A.
Gray [12]. Since then Riemannian submersions have been studied extensively by many
geometers. In [32], B. Watson defined almost Hermitian submersions between almost
Hermitian manifolds. In this study, he investigated some geometric properties between
base manifold and total manifold as well as fibers.

B. Sahin [27] described the notion slant submersion from almost Hermitian manifold
onto an arbitrary Riemannian manifold as follows: Let F' be a Riemannian submersion
from an almost Hermitian manifold (M, g,J) onto a Riemannian manifold (N,g’). If
for any nonzero vector X € T (ker F) the angle 6 (X) between JX and T (ker F}) is a
constant, i.e. it does not dependent on the choice of p € M and X € I" (ker F}), then it is
called that F'is a slant submersion. Therefore the angle 6 is said to be the slant angle of
the slant submersion. Many interesting studies on several types of submersions have been
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done. For instance, slant and semi-slant submersions [3, 13-16, 21], bi-slant submersions
[23], quasi bi-slant submersions [22], anti-invariant Riemannian submersions [25, 28], semi-
invariant submersions [20,26], pointwise slant submersions [6, 18], hemi-slant submersions
[30], Lagrangian submersions [29], generic submersions [24].

Furthermore J.W. Lee [17] defined anti-invariant é*-Riemannian submersions from al-
most contact metric manifolds. Later Akyol et al studied the geometry of semi-invariant
¢ Riemannian submersion, semi-slant ¢'-Riemannian submersions and conformal anti-
invariant £+-submersions from almost contact metric manifolds [1,2,4].

The paper is regulated as following. In Section 2, we recall the basic formulas and
concepts needed for this paper. In Section 3 we define bi-slant ¢ --Riemannian submersions
from Sasakian manifolds onto Riemannian manifolds and give some examples. We also
examine the geometry of leaves of distributions and find necessary and sufficient conditions
for such maps to be totally geodesic. In the last section, we obtain some decomposition
theorems.

2. Preliminaries

An almost contact structure (¢, &, n) on a manifold M of dimension 2n 4+ 1 is defined by
a tensor field ¢ of type (1, 1), a vector field £ (Reeb vector field) and a 1-form 7 so that

¢’ =—I+n®E& nE) =1, no¢=0, ¢¢=0. (2.1)
Here I is the identity map of TM. There always exist a Riemannian metric ¢ on M
proving the following compatibility condition with the structure (¢, &,n)

9(¢X,¢Y) = g(X,Y) —n(X)n(Y) (2.2)
where X,Y are arbitrary vector fields on M. Then the manifold M with the structure

(¢,&,1m,g) is called an almost contact metric manifold. An almost contact metric manifold
is named normal if

(¢, 0] +2dn® & =0 (2.3)

where [¢, ¢] is Nijenhuis tensor of ¢. Let ® denote the 2-form on an almost contact metric
manifold (M, ¢,&,n,g) expressed with ®(X,Y) = g (X, ¢Y) for any X,Y € I' (T'M). The
® is called the fundamental 2-form of M. An almost contact metric manifold (M, ¢,&,n, g)
is said to be a contact metric manifold if & = dn. A normal contact metric manifold is
called a Sasakian manifold. Then the structure equations of Sasakian manifold are given
by

(Vxo)Y =g(X,Y)é—n(Y)X and Vxé&=—0¢X,
where V is the Levi-Civita connection of g and X,Y € I'(T'M).

Let (M, g) and (N, ¢') be a Riemannian manifolds with m and n dimension, respectively,
such that m > n. A surjective mapping F : M — N is said to be a Riemannian
submersion if F' has maximal rank and the differential map F) restricted to I’ ((ker F*)J‘)
is a linear isometry.

For any ¢ € N, F~'(¢q) which is an m — n dimensional submanifold of M, called
fiber. A vector field on M is named vertical (or horizontal) if it is always tangent (or

orthogonal) to the fibers[19]. A vector field X on M is named basic if X € T ((ker F*)L)
and Fi X = X,p(y) for all p e M[11].
A Riemannian submersion F' : M — N is qualified by two fundamental tensor fields T
and A on M such that
TJ(E,F) = TgF = HVygVF + VVypHF (2.4)
.A(E,F) = AgF = VVWVygHF + HVygVF (25)
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where E and F' are arbitrary vector fields on M and V the Levi-Civita connection of M.
In addition, for X,Y € I’ ((ker F*)l) and U, W € I (ker F) the tensor fields satisfy

TyW = TwU (2.6)
1
AXY = —AyX = ZV[X,Y]. (2.7)

Moreover, note that a Riemannian submersion F': M — N has totally geodesic fibers
if and only if T vanishes identically. Now, let’s remember the following lemma from [19].

Lemma 2.1. Let F': M — N be a Riemannian submersion between Riemannian mani-
folds (M g) and (N g'). For the basic vector fields X, Y € T'(T'M) we have
u) ([ Y] ) X,V
iii) [V, X] is vertical for V € I'(ker F),
)

(VMY) is a basic vector field corresponding to V%*Y*, where VM and VN are
the Levi-Civita connections on M and N, respectively.

)

v

Furhermore considering (2.4) and (2.5) we write

VoV = TyV + VgV (2.8)
VuX = HVyX + Ty X (2.9)
VxU = AxU +VVxU (2.10)
VxY = HVxY + AxY (2.11)

where X,Y €T ((ker F*)l), U,V €T (ker F,) and ViV = VW, V.

Let v : M — N is a smooth map. In that case the second fundamental form of ¥ is
defined by

Vi (X,Y) = Viwu(V) - v (VYY) (2.12)

where X,Y € I'(T'M) and V¥ the pullback connection. Note that v is called harmonic
if traceViy, = 0 and v is named as a totally geodesic map if (Vi) (X,Y) = 0 for
X, Y e (TM) [7].

3. Bi-slant {'-Riemannian submersions
Definition 3.1. Let F'is a Riemannian submersion from a Sasakian manifold (M, ¢, £, n, g)
onto a Riemannian manifold (N, ¢') so that £ € T’ ((ker F*)J‘) Then F' : M — N is called

a bi-slant ¢+-Riemannian submersion if there exist a pair of the orthogonal distributions
Dy C ker F, and Dy C ker F, such that

(1) ker Fy, = D1 @ Do
(2) Dy and D; are two slant distributions with the slant angles 6; and 605, respectively
F' is called proper if its slant angles satisfy 61,6 # 0, 5

Note that R?"*! denote a Sasakian manifold with the structure (¢,&,7,g) defined as

= @ 6 o = 0 0
i=1 i=1

i 0
( Zydaz), —2£

g=n®n+zz<d:ci®dxi+ dyi®dyi),
i=1

l\D\H
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where (z!,...,2",y', ...,y", z) are the Cartesian coordinates.
Now, considering the above definition, we can give the following example.

Example 3.2. Let F : R — R® be a submersion defined by

F(Wla51’27333,554711173!2793,94; Z) = ((COS Oé) Ty — (Sina)l‘g, 7J3\'}‘§'J47(Sinﬁ)y1 + (COSﬁ)y%y&Z)

then
. 0 0 1 0 0
ker F, = span {V1 = smaa—x1 + cosaa—xz,Vg = ﬁ <3$3 — 8954) ,
0 0 0
Va=cosfB— —sinfB—,Vi = —
’ 632/1 632/2 ! 83/4}
and

o 0 1 0 0
L B o0 . Jd _ (Y 9
(ker Fy.)™ = span {Hl = cosaam1 smaax?,Hz NG (8:63 + 8:1:4)

0 0 0 0
3 smﬁayl—i-cosﬁay2, 4 8y3’£ 82}

Thus we obtain Dy = span{Vi,V3} and Dy = span {V,,V,} with the angle cosf; =
sin(f — ) and 0 = 7. Then F is a bi-slant ¢1-Riemannian submersion.

Example 3.3. Given a submersion F : R? — R® by

x1 + V3x4
2

F(x1, @0, 23, T4, Y1,Y2, Y3, Y4, 2) = ( ,sin axg + cos axs, Y1, ys, Z)

Then the submersion F is a bi-slant & 1 _Riemannian submersion such that D; = span{V; =
1 0 0 o) 0 : o) o) :

5 (\/3871 — ﬁ> Vi = 874} and Dy = span{Vy = cosag — smaa—mg,Vg = 872} with
slant angles ¢y = § and 62 = «, respectively.

Let F be a bi-slant £+-Riemannian submersion from a Sasakian manifold (M, ¢, &, n, 9)
onto a Riemannian manifold (N, g’). Then for U € T (ker F}), we have

U=PU+QU (3.1)

where PU € T' (D;) and QU € I' (D3).
In addition, for U € I (ker F}), we get

oU = U + wU (3.2)

where U € T (ker F,,) and wU € I (ker F,)*.
Similarly, for X € T (ker F}), we can write

X = BX +CX (3.3)

where BX €T (ker F,) and CX € T (ker F,)*.
The horizontal distribution (ker F,)' is decompesed as

(ker F,)t = wD) ® wDy @ (3.4)

where 1 is the complementary distribution to wD; @ wDs in (ker F,)* and contains &.
Also it is invariant distribution of (ker F},)" with respect to ¢.
From (3.1), (3.2) and (3.3) we have following equations

YD1 =Dy, YDy =Dy, BwDi=D;, BwDs= Ds. (3.5)

Furthermore, by using the equations (2.1), (3.2) and (3.3) we get:
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Lemma 3.4. Let F be a bi-slant £--Riemannian submersion from a Sasakian manifold
(M, 0,&,m,g) onto a Riemannian manifold (N,g'). then we obtain
i) Y?U + BwU = —U i) wpU + CwlU =0
iii) Y2W + BoW = —W iv) wpW + CwW =0
v) wBX +C?X = - X +n(X)¢ i) YBX + BCX =0
forany U € T'(Dy), W € I'(D2) and X € T ((ker F*)J‘>
On the other hand from (2.8), (2.9), (3.2) and (3.3) we have
(Vuy)V = BTyV — TywV
(VULU) V= C‘IUV — TU”LbV
(Vo) V = VuyV —VyV
(VUO.)) V= fJ'CVUwV — W?UV
for any U,V € T (ker F}). We say that w is parallel if
(VUOJ) V=0

for U,V € T (ker Fy).
Now we can give the following theorem by using Definition 3.1 and the equation (3.2).

Theorem 3.5. Let F' be a Riemannian submersion from a Sasakian manifold (M, ¢,&,n,9)
onto a Riemannian manifold (N,g'). Then F is a bi-slant £--Riemannian submersion if
and only if there exist slant angle 0; defined on D; such that

P2 = — (coszé?i) I, i=1,2
Proof. The proof of this theorem is the similar to semi-slant submanifolds [8]. O

Theorem 3.6. Let F be a bi-slant £--Riemannian submersion from a Sasakian manifold
(M, 9,&,m,g) onto a Riemannian manifold (N, g') with slant angles 61,05. Then

i) Dy is integrable if and only if
g (TpwypV — TywypU, W) =g (TywV — TywU, v W)
+ g (HVywV — HVywU,wW)
ii) Dy is integrable if and only if
g (TwwZ — TzwypW,U) =g (TwwZ — TzwW,U)
+ 9 (HVywZ — HV zwW,wU)
for U,V €T (D) and W, Z € T (D3).

Proof. For U,V € I'(D;) and X € T’ ((ker F*)L>, since ¢ ([U,V],X) = 0, it is sufficient
to show ¢ ([U,V],W) =0 for W € I" (D2). Then since M is a Sasakian manifold we get
g([U.V],W) == g (VusypV, W) + g (VywV, oW)

+9(VvgpU, W) — g (VywU, oW).
Theorem 3.5 and the equation (2.9) imply that
sin? 019 ([U, V], W) = — g (TpwpV — TywpU, W) + g (TywV — TywU, W)
+ g (HVywV — HVywU,wW)
Similarly for W, Z € I' (D) and U € I' (D) it can be shown that
sin? Oog (W, Z],U) = — g (Twwp Z — TzwypW,U) + g (TwwZ — TzwW,U)
+9(HVywwZ — HV zwW,wU) .
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which proves (ii). Thus the proof is completed. O

Theorem 3.7. Let F be a bi-slant £--Riemannian submersion from a Sasakian manifold
(M, ¢,&,m, g) onto a Riemannian manifold (N, g') with slant angles 01,05. Then (ker F*)L
is integrable if and only if

g (.AyBX — .AxBY, wU) =g (}CVXCY — }CVYCX, O.)U) + n(Y)g (Y, wU)
—n(X)g (Y, wU) — g ([X,Y],wyU)

for XY €T ((kerF*)L) and U € T (ker F).

Proof. For X,Y €T’ ((ker F*)L) and U € I (ker F\). Then since M is a Sasakian manifold
we get

g([(X,Y],U) =—=g(VxY,oyU) + g (¢VxY,wU)
+9(Vy X, ¢9U) — g (¢Vy X,wU) .
From Theorem 3.5 we deduce that
sin 01 ([X, Y],U) = (cos? 0 — cos? 01 ) g ([X, Y], QU) — g (Vx Y, wyU)
+ g (Vy X,wyU) + g (VxoY,wU) +n(Y)g (X, wU)
—9(Vy¢X,wU) = n(X)g (Y,wU)
Then from the equations (2.10) and (2.11), we have
sin? 019 ([X,Y],U) = (cos2 0y — cos? 01) g([X,Y],QU) — g ([X,Y],wypU)
+9g(AxBY,wU) 4+ g (HVxCY,wU) — g (Ay BX,wU)
— g (HVyCX,wlU) —n(X)g (Y,wU) +n(Y)g (X, wU)
which gives the desired equation. ([l

Theorem 3.8. Let F be a bi-slant &--Riemannian submersion from a Sasakian mani-
fold (M, ¢,&,m,g) onto a Riemannian manifold (N,g') with slant angles 61,602. Then the
distribution D1 defines a totally geodesic foliation if and only if

g (TupwpV, W) = g (TywV, W) + g (HVywV,wW)
and

g (TywV,BX) = g (HVywyV, X) — g (HVywV,CX)
where U,V € T(Dy), W € T(D3) and X €T ((ker F*)i).

Proof. From the equations (2.1), (2.2) and (3.2) for any U,V € I'(D;) and W € I'(D3)
we can write

g(VuV.W) = g(¢VuV,oW)
= —g(oVuyV, W) + g (VywV, oW)
Then Theorem 3.5 implies that
sin? 0,9 (Vg V, W) = —g (VpwpV, W) + g (VywV, W)
Hence by using the equation (2.9) we have

sin? 619 (Vg V, W) = g (HVywV,wW) + g (TywV,yW)
) (TwaV, W) .
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which proves the first equation. On the other hand, for X € T’ ((ker F*)L>, we derive
9(VuV,X) =g (VuoV,¢X) +g(V,oU) n(X)
=—g(oVuyV, X) + g (VowV,¢X) + g (V. oU) n(X).
Considering Theorem 3.5 we arrive at
sin?0,9 (VyV,X) = —g (VywdV, X) + g (VywV, ¢ X) .
From (2.9) we have
sin? 619 (VyV, X) = — g (HVywiV, X) + g (KVywV,CX) + g (TywV, BX)
which gives the second equation. ([

Theorem 3.9. Let F be a bi-slant &--Riemannian submersion from a Sasakian mani-
fold (M, ¢,&,m,g) onto a Riemannian manifold (N,g') with slant angles 61,602. Then the
distribution Doy defines a totally geodesic foliation if and only if

g (TwwZ,U) = g (TwwZ,YU) + g (HVwwZ,wlU)
and

g (TwwZ,BX) =g (HVwwiZ, X)— g(HVywZ,CX)
where U € I'(D1), W, Z € I'(D3) and X € T ((ker F*)J‘>

Proof. By using similar method in Theorem 3.8 the proof of this theorem can be easily
made. U

Theorem 3.10. Let F' be a bi-slant £--Riemannian submersion from a Sasakian mani-
fold (M, ¢,&,m,g) onto a Riemannian manifold (N, g') with slant angles 61,602. Then the

distribution (ker F*)J‘ defines a totally geodesic foliation on M if and only if
(cos? 01 — cos?02) g (AxY,QU) = —g (HVxY,wyU) + g (Ax BY,wU)
+ g (HVxCY,wU) +n(Y) (X,wU)
where X,Y €T (ker F,)" and U € T (ker F,).
Proof. For X,Y €T (ker F,)* and U € T (ker F,) we can write

9(VxY,U) = g(¢VxY,¢U)
= —g(VxY,¢pU) + g (¢VxY,wl)

By using Theorem 3.5 we obtain

g (VxY,U) =cos? 019 (VxY, PU) + cos? 029 (VxY,QU) — g (VxY,wpl)
+ 9 (pVxY,wU)

From the equations (2.10), (2.11) and PU = U — QU we have
sin? 019 (VxY,U) = (cos2 0y — cos® 91> g (AxY,QU)

— g (HVxY,wypU) + g (AxBY,wU)
+ g (HVxCY,wU) +n(Y)g(X,wU)

Thus we have the desired equation. ]
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Theorem 3.11. Let F be a bi-slant £*--Riemannian submersion from a Sasakian mani-
fold (M, ¢,&,m,g) onto a Riemannian manifold (N, g') with slant angles 61,602. Then the
distribution (ker F) defines a totally geodesic foliation on M if and only if

(0052 0, — cos? 92) g (TvQV, X) =— g (HVywypV, X) + g (TywV, BX)
+ g (HVywV, CX)
where X € T (ker ) and U,V €T (ker F,).

Proof. Suppose that X € I" (ker F*)L and U,V € T (ker Fy). Then we get
9(VoV. X) =g (VuPV,X) +g(VuQV, X)
=g (¢VuPV,¢X) + g (U, PV)n(X) + g (¢VuQV, ¢X)
+9(¢U,QV) n(X)
Considering that M is a Sasakian manifold we arrive
9(VoV, X) == g (Vow?PV, X) = g (Vou?QV, X) - g (VowyV, X)
+ g (VowV, ¢X)
From (2.8), (2.9) and Theorem 3.5 we obtain
sin?0,9 (VpV, X) = (cos2 05 — cos® 91) g (TyQV, X)
— g (HVywyV, X) + g (HVywV,CX)
+ g (TywV, BX)
which shows our assertion. 0

Theorem 3.12. Let F be a bi-slant - -Riemannian submersion from a Sasakian manifold
(M, $,€,1m,9) onto a Riemannian manifold (N,g') with slant angles 61,02. Then F is a
totally geodesic map if and only if

(0052 0y — cos® 91) g(AxQU,Y) =g (CHVxwU,Y) 4+ g (HVxwyU,Y)
+9(@AxwU,Y) — g (U,¢X) n(Y)
and
(0052 61 — cos® 92> g (TuvQV, X) =— g (HVywypV, X) + g (TywV, BX)
+ 9 (HVywV,CX)
where X,Y €T (ker )" and U,V € (ker F,).
Proof. Firstly since F is a Riemannian submersion for X,Y € I' (ker F*)J‘ we have
(VF)(X,Y)=0.

Therefore for X,Y € T (ker F,)" and U,V € (ker F,) it is enough to show that (VF,) (U, V) =
0 and (VF,) (X,U) = 0. So we can write

g (VE)(X,U),F.Y) = —¢ (F. (VxU),F.Y) = =g (VxU,Y).
Then we have
9(VxU,Y) = —g(Vx¢pU,Y) + g (VxwU,¢Y) + g (U, pX) n(Y)

From the equations (2.10), (2.11) and Theorem 3.5 we obtain the first equation of Theorem
3.12

sin?0,9 (VxU,Y) = <C082 6y — cos? 01) g(AxQU,Y) — g (CHVxwU,Y)
— g (HVxwpU,Y) — g (wAxwU,Y) + g (U, 6 X) n(Y).
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Also, for the second equation of Theorem 3.12 we have
9 (VF) (U V), F) = —g(VuV. X).
Then using the equations (2.8) and (2.9), we arrive
g(VuV, X) = (0082 0 — cos® 91) 9 (TuQV, X) — g (HVywiV, X)
+ 9 (TywV,BX) + g (HVywV,CX)
which completes proof. O
Theorem 3.13. Let F be a bi-slant - -Riemannian submersion from a Sasakian manifold

(M, 9,&,m,g) onto a Riemannian manifold (N, g") with slant angles 61,0s. If w is parallel
then

i) TyV = —(sec? 01)CTyypV
ii) TwZ = —(sec? 0o) OTwhZ
iii) The fibers of F' are (D1, D2)-mized geodesic.
for U,V € I'(Dy) and W, Z € T'(D3).
Proof. From the equation (3.7), if w is parallel we have
TyV = CTyV
for U,V € T'(Dy). By writing ¢V instead of V', we have (i). The proof of (ii) is calculated
by applying the same way. Morever if w is parallel, from the equation (3.7) we arrive
C*TwU = C(TwyU) = — cos® 61T U
and
C2TyW = C(TyyW) = — cos? Ty W
for U € I'(Dy) and W € I'(D3). Then we get
cos? 0, Tw U = cos® QT U

Therefore the fibers are shown to be (D1, D2)-mixed geodesic. O

4. Decomposition theorems

In this section we give decompositions theorems using the existence of bi-slant &+-
Riemannian submersion. We assume that ¢ is a Riemannian metric tensor on the manifold
M = M; x My and the canonical foliations Dy, and D)y, intersect vertically everywhere.
Then g is the metric tensor of a usual product of Riemannian manifold if and only if Dy,
and D)y, are totally geodesic foliations.

Now we can write the following theorems by using Theorem 3.8-3.10,

Theorem 4.1. Let F' be a bi-slant £--Riemannian submersion from a Sasakian manifold
(M, $,€,1m,9) onto a Riemannian manifold (N, g') with slant angles 61,02. Then M is a
locally product manifold of the form Mp, x Mp, x ]\4(ker Pt if and only if

g (TuwypV, W) =g (TywV, Y W) + g (HVywV, wW),
9 (TywV, BX) =g (HVywyV, X) — g (HVywV,CX),
g (TwwpZ,U) =g (TwwZ,9U) + g (HVwwZ,wU),
9(TwwZ,BX) =g (HVwwiZ,X) — g( HVywZ,CX)
and
(cos? 01 — cos? 6 ) g (AxY,QU) = —g (HVxY,wypl) + g (Ax BY,wU)
+ g(HVxCY,wlU) + n(Y) (X,wU)
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for U,V € T(D1), W, Z € I(D5) and X,Y €T ((ker F*)i).

Theorem 4.2. Let F be a bi-slant £--Riemannian submersion from a Sasakian manifold
(M, $,€,1m,9) onto a Riemannian manifold (N,g') with slant angles 61,02. Then M is a
locally product manifold of the form Myer p, X M(ker Pt if and only if
(cos2 0, — cos® 92) g (TyQV,X)=—g(HVywyV, X) + g (TywV, BX)
+ 9 (HVywV,CX)
and
((3082 0, — cos® 92) g(AxY,QU) = — g(HVxY,wypU) + g (AxBY,wU)
+ g (HVxCY,wU) +n(Y) (X,wU)

for U,V € T(D1), W, Z € I(D5) and X,Y €T ((ker F*)L>.

Theorem 4.3. Let F be a bi-slant &--Riemannian submersion from a Sasakian mani-
fold (M, $,&,n,g9) onto a Riemannian manifold (N,g') with slant angles 61,02 such that
(ker F*)L =wD) ®wDy @ (§). Then M is a locally product manifold of the form Mp, x
Mp, x M(ke]r Rt if and only if

g (TuwypV, W) =g (TywV, 9 W) + g (HVywV,wW),
9 (TuwV, ¢ X) =g (HVywyV, X),
g (TwwyZ,U) =g (TwwZ,YU) + g (HVywZ,wU),
9 (TwwZ,¢X) =g (HVwwiZ, X)

and
(COSQ 0, — cos? 92) g (AxY,QU) = — g (HV xY,wyU) + g (Ax oY, wl)
+ 1Y) (X,wU)
for U,V € T(D1), W, Z € T(D5) and X,Y €T ((ker F*)i).
Theorem 4.4. Let F be a bi-slant &--Riemannian submersion from a Sasakian mani-

fold (M, $,&,1n,9) onto a Riemannian manifold (N, g’) with slant angles 01,6, such that
(ker F*)L =wD1®wDy® (£). Then M is a locally product manifold of the form Mye F, X

M(ke]r Rt if and only if
(cos? 01 = cos 0 ) g (TuQV, X) = — g (HVywipV, X) + g (TywV, ¢ X)
and
(cos2 01 — cos? 92) g (AxY,QU) = — g (HVxY,wyU) + g (Ax oY, wl)
+(Y) (X, wU)
for U,V € T(Dy), W, Z € T(D;) and X,Y €T ((kerF*)L).
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