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Abstract: The motivation of the present study is to describe the main relations of the radical anti-
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1. Introduction

In lightlike geometry, a fundamental problem is the introduction of new kinds of
lightlike submanifolds admitting various differentiable structures such as almost complex,
contact or product structures, etc. The theory of lightlike submanifolds was presented by K.
L. Duggal and his colleagues [1-3]. Since the metric of a lightlike submanifold is degenerate,
examining these submanifolds includes complicated and rich geometric properties. In this
manner, various lightlike submanifolds of almost product-like semi-Riemannian manifolds
were investigated by several authors [4,5]. The geometry of radical anti-invariant lightlike
submanifolds of semi-Riemannian product manifolds was discussed by E. Kili¢ and B.
Sahin in [6].

On the other hand, the theory of statistical manifolds has important application
areas, and various properties of statistical structures in geometric and physical terms have
been studied intensively in recent years. Statistical manifolds were first introduced by S.
Amari [7] in 1985, as follows:

Let (M, g) be a semi-Riemannian manifold furnished with the metric tensor g and
let V be a torsion-free affine connection on (M, g). If V§ is symmetric, then (M, g, V)
is called a statistical manifold. In [8], K. Takano introduced the notion of Hermite-like
manifolds. This notion is a more general form than Hermitian geometry. Inspired by the
definition of Hermite-like manifolds, almost product-like manifolds were investigated
in [9] and screen semi-invariant lightlike hypersurfaces of almost product-like manifolds
were studied in [10].

Based on the above facts, it is possible to study the radical anti-invariant lightlike
hypersurfaces of almost product-like statistical manifolds. Furthermore, in this paper, we
find some results on these hypersurfaces with the aid of concircular vector fields.

2. Preliminaries

Let (M, g) be a statistical manifold and g be a semi-Riemannian metric ¢ with constant
index g. In this case, there exists an affine connection V on (M, g) such that

X18(X2, X3) = §(Vx, Xo, X3) + §(X2, V¥, Xa) M
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holds for any X;, X5, X3 € F(TA7I) ; then, (]\71, g, 6) is called a statistical manifold. Here, v*
is another affine connection, which is called the dual connection of V, and we have

_ 1 ~ o
V&, X2 = 5(Vx, Xo + Vi, Xa), )

where VY indicates the Levi-Civita connection of (M, ) [7].

Let (M, g) be a hypersurface of (M, g). If the induced metric g is degenerate on M,
then (M, g) is called a lightlike hypersurface. Due to the degeneracy of g, there exists a
one-dimensional distribution Rad(TM), which is known as the radical distribution. The

radical space is defined by
Rad(TM) = span{¢ : g(¢,X) =0forany X € I'(TM)} ©)]
and the complementary distribution of Rad(TM) such that we write
TM = Rad(TM) @ o S(TM), 4)

where @, is the orthogonal direct sum. The distribution S(TM) is called the screen
distribution of (M, g) and a lightlike hypersurface is indicated by (M, g, S(TM)) [1,3].

For any lightlike hypersurface, there is a unique 1-dimensional vector bundle Itr(TM) =
span{N}. Therefore, we can write

TM = S(TM) @opip (Rad(TM) @ Itr(TM)), (5)

where @ indicates the direct sum, which is not orthogonal.
The Gauss and Weingarten formulae are specified by

VX2 = V& Xz + BY(Xy, Xo)N (6)

and N
V& N = —A}X; + 10 (X1)N, 7)

where V§ X5, AY(X1) € T(TM) [11].
The Gauss and Weingarten type formulas with respect to statistical connections could
be derived as follows:

Vx, X2 = Vx, Xa + B(X1, X2)N, 8)
Vx,N = —AyX; + 7" (Xi)N, )
Vi, X2 = Vi, X2 + B* (X1, X2)N, (10)
Vi, N = —AxXi + T(X1)N, (11)

where Vi, Xp, Vi Xp, A} X1, ANX7 € I'(TM) and 7, T* are 1-forms The above formulas
could be written on S(TM) as follows:

Vx,PX; = Vyx, PXo + C(X1, PX3)¢, (12)
Vx, & = —As Xy —1(X1)¢, (13)
V,PXz = Vi, PXa + C* (X1, PX,), (14)
Vi, &= —A: X — T (X)), (15)

where P : T(TM) — T(S(TM)) is the natural projectionand Vx, PXp, Vx, PX, ZgXl,ZEXl €
T(S(TM)).
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For any lightlike hypersurface (M, g, S(TM)), the following equalities occur:

B(X1,8) +B*(X1,8) = (16)
C(X1,PXp) = g(ANX1,PX2) (17)

C*(Xy, PXp) = g(ANX1, PXa), (18)

B(X1,Xp) = g(A:X1,X2) — B*(X1,8)§(X2, N), (19)

B*(X1,Xz) = g(Ag X1, Xa) — B(X1,£)8(X2, N). (20)

A lightlike hypersurface is called totally geodesic with respect to V if B = 0, to-
tally geodesic with respect to V* if B* = 0, totally tangential umbilical with respect to
Vif B(X,Y) = kg(X,Y) is satisfied, totally tangential umbilical with respect to V* if
B*(X,Y) = k*g(X,Y) is satisfied, totally normally umbilical with respect to V if AYX =k*X
or C*(X,Y) = k*g(X,Y) is satisfied, and totally normally umbilical with respect to V* if
ANX = kX or C(X,Y) = kg(X,Y) is satisfied. Here, x and «* are smooth functions on
M[12,13].

3. Lightlike Hypersurfaces of Almost Product-like Statistical Manifolds

Let M be a differentiable manifold and F,F* be two tensor fields satisfying
F? = (F*)? = I, where I identifies the identity map. If there is a semi-Riemannian metric
g satisfying
§(FX1, Xp) = §(X1, F*X3), (21)
then (M, g, F) is said to be an almost product-like statistical manifold. For any almost
product-like manifold (M, g, F), if F = F* then (M, g, F) becomes an almost product-like
semi-Riemannian manifold. Putting F*Y instead of Y in (21), we find

§(FX1, F*Xp) = g(X1, X2) (22)
is satisfied on (]\71, g, F,F).

Example 1. Let us consider R* with a local coordinate system {x1,xp, X3, X4 }. Define

100 0 10 0 0
0 10 0| .. 01 0 0
F=10o 001|'T=lo 0 0 en
0 010 0 0 e™ 0
and
10 0 0
_ o 1 0 o0
8=l o0o o0 em 0
0 0 0 1

Then, we have F> = (F*)? = Iy and (M, g, F) is an almost product-like Lorentzian manifold.

Definition 1. Let (M, g, F) be an almost product-like semi-Riemannian manifold. If there exists
a torsion-free connection N such that Vg is symmetric, then (M, 3,V ,F) is called an almost
product-like statistical manifold.

Example 2. Consider (R*, g, F) in Example 1. Define a connection V on (R*, g, F) satisfying
(1), with
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and

where l"i-‘]- and l"jjk are smooth functions fori,j,k € {1,...,

ox;

we obtain

Th+Th'
Th+T5 =
A
Th+ T
T, + T3,
Ty +T57 =
Th+135° =
Th +Th” =
i+ T
Th+15° =
T+ 15
T+ T
T+ T3 =
Ty +T5" =
Ty +T5 =
Th+Th" =

In this case, (R*
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I3, + 15! =0,
2, +T5' =0,
3, +T5 =0,
12, +T%,% =0,
I3, 4+ I5,° =0,
I3, 4+ T2 =0,
rg+nz_a
r13 12 - 0/
%, +T5° =0,
%, +T%° =0,
I, +T5,° =0,
2, +T15% =0,
13, +T5* =0,
I3, +T5' =0,
I3, +T5 =0,

ZZF

k=

*ka

SEREAREN
i 9x;” Oxs 8 axj’k:1

4
*ka

1 ij axk

I+ =0,
I3 +T35" =0,
rd 45 =0,
Th+T4' =0,
%+ 14" =0,
I3, +T5° =0,
I3, +T5° =0,
Ih+Ti* =0,
3 +F13 ="
I3 +T3° =0,
34T =0,
I +T5° =0,
I+ =0,
I3 +T3" =0,
3, +T5% =0,
Y+ =0,

X

4}. Using the fact that

xk 0
I axk>’

If+Ti =0,

T3 +T3 =0,
4+l =0,
4 Tl =0,
I, +T52 =0,
T+ 15, =0,
T, +T5,° =0,
I}, +T5,° =0,
r4 +r14 —0,
I3 +T3° =0,
T4 +13,° =0,
4+ T3 =0,
4, 4T3, =0,
I3 +T3" =0,
T, 4T3 =0,
T4+ T4 =0

.S, 6, F) is an almost product-like statistical manifold.

For any almost product-like statistical manifold, there is a dual connection V* of V
such that Equations (1) and (2) are satisfied. An almost product-like statistical manifold is
called a locally product-like statistical manifold if

VE=0

is satisfied. We note that for any locally product-like statistical manifold,

V*F* =0

is also satisfied. For more details, we refer to [9].

Example 3. Let us consider (

following identities:

(23)

(24)

R*,§,V, F) given in Example 2. If VE = 0, then we obtain the
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ﬁalal =T1,01 + 19,03 — T9,04,

Va,02 = [0y + 3,03 + 3,04,

Va, 93 = T1391 + T35 + T3395 + Thds,
Va 01 = —T1391 + %9, + T30 + T304,
6azal = TI3,01 413,03 — 13,04,

Va,02 = I320 + 3,03 + T5,04,

Via,d3 = T3391 + [3305 + [3303 + [3394,
Va,04 = —T301 + 15302 + T5303 + T304,
Va,01 = I}9; + 3,05 — T304,

Va,02 = %505 + 3,05 + T5,04,

Va,03 = I3301 + T30 + ['3;05 + 3304,
Va,04 = —T3301 + 3302 + T3395 + [3304,
Va1 = T§191 + 303 — I3y,

Va,02 = 502 + 5,03 + 5,04,

Va,03 = [i301 + 3302 + 3303 + 4304,
Va,04 = —T1301 + 3392 + ['§305 + 3304

Using the Christoffel symbols, components of V* could be obtained. Therefore, (R*,g,V, F)
is a locally product-like statistical manifold.

Now, we shall state the following definition:

Definition 2. Let (M, g, S(TM)) be a lightlike hypersurface of (M,3,V,F). If F(Rad(TM))
belongs to Itr(TM), then (M, g, S(TM)) is called a radical anti-invariant lightlike hypersurface.

For any radical anti-invariant lightlike hypersurface, we write
F& = AN, (25)
where A is a non-zero differentiable function. Using (25) in (21), we have
F*¢ = AN, (26)
which shows that F*(Rad(TM)) belongs to ltr(TM). Additionally, based on (21), (25) and

(26), we can conclude that

1
FN = F*N = Xff, (27)

which shows that F(Itr(TM)) and F*(Itr(TM)) belong to Rad(TM).
Let X be a vector field on T'(TM). Then, we can write

X =PX+n(X)¢, (28)
where PX € T(S(TM)) and 1(X) = (X, N). Therefore, we put

FX = ¢PX + n(X)FE&
= pPX + ¢ +n(X)AN, (29)
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where y; is a differential function. Using (21), (27) and (29), we find
w1 =8(FX,N) = g(X,F'N) = Ag(X,{) = 0. (30)
Thus, we can write (29) as
FX = ¢X +n(X)AN (31)
such that ¢ = P and ¢X € I'(S(TM)). In a similar way to (31), we can write
F*X = ¢"X 4+ n(X)AN (32)

such that ¢*X € T'(S(TM)). Considering (21), (22), (31) and (32), we obtain the following
lemma:

Lemma 1. For any radical anti-invariant lightlike hypersurface, the following equations hold for
any X1, X, € T(TM):

8(@Xq, 9" Xz) = g(X1, X2), (33)
8(9Xy, X2) = ¢(X1, 9" X3). (34)

Example 4. Let M be a hypersurface of (R*,&,V,F), which is given in Example 3. If M is
defined by
M = {(x1,x2,x3,%4) : X1 = X2},

then the induced metric of M can be expressed as

In this case, we have
Rad(TM) = span{¢ = (1,1,0,0)},
14r(TM) = span{N — %(4,1,0,0)},
S(TM) = span{ds, 94 }.

So, (M, g, S(TM)) represents a lightlike hypersurface of (R*,&,V, F).
Since F§ = N and F*§ = N, we can determine that (M, g, S(TM)) is a radical anti-invariant
lightlike hypersurface of (R*,3,V, F).

Lemma 2. For any radical anti-invariant lightlike hypersurface, the following equation occurs:
9?X = (¢")?X = - X+ (X)¢. (35)
Proof. Based on (27) and (31), we obtain

F2X = FoX + 3(X)AFN
= ¢*X +5(X)g. (36)

Considering F2X = X in (36), we can deduce that

P*X = —X +5(X)E. (37)
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Based on (27) and (32), we also find
(9*)?X = =X+ 3(X)¢. (38)
It is easy to follow the proof of (35) by referring to (37) and (38). O

Proposition 1. Let (M, g, V, F) be a locally product-like statistical manifold and (M, g, S(TM))
be a radical anti-invariant lightlike hypersurface of (M, g, V, F). Then, the following relations are
satisfied for any X € T'(TM):

. -~ 1 ~ .1
PANX = %ZCX, (40)
B(X,{) = A*n(ARX), (41)
* 1—
Q*ANX = XAgX, (42)
B*(X,§) = A%(AnX). (43)
Proof. Based on (27), we write

~ ~ 1 1~

VxFN = VX(X)'ZUF 1 Vxé (44)

From the information provided in (8), (13) and (44), we can derive

VxFN = ﬁx(%)g — %ng — %T(X)(: + %B(X, &)N. (45)

On the other hand, from (27) and (31), we can determine

- 1
FUXN = —pARX = (ARX)AN +7°(X) 14 (46)

Since (]\71, g, V,F ) is a locally product-like statistical manifold, we have (40), (41) and
~ 1
T(X) +T(X) = AVx(7). (47)

Based on (9), (15) and (27), we have

AzX — %r*(x)g + %B*(X, &N (48)

VAR VIR v, l o 1
VXF'N=Vx(3)¢— 7
and

~ 1

By utilizing the information that (M, §,V,F) is a locally product-like statistical mani-
fold and applying the equations (48) and (49), we can derive (42), (43) and

1

T(X) +77(X) = AV (5

). (50)

It is easy to follow the proof of (39) by referring to (47) and (50). This completes the
proof. O
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Proposition 2. For any radical anti-invariant lightlike hypersurface (M, g, S(TM)) of a locally
product-like statistical manifold, we have

VA +ATH(X) = —y(A: X)A — T(X)A, (51)
AAGX = gA:X — B(X, g)%g, (52)

ViA +AT(X) = —(AzX)A — T (X)A, (53)
MANX = ¢"A:X — B*(X, 5)%6. (54)

Proof. From the equations (9) and (25), we find
VxF& = (VxA)N — AALX 4+ AT (X)N. (55)

On the other hand, we can conclude from (9), (13), and (31) that
~ — — 1
FVxE = —9A:X — (A X)AN — 1(X)AN + B(X, g)Xg. (56)

By examining the tangential and transversal components of the Equations (55) and
(56), we can derive (51) and (52).

Proving (53) and (54) is easy when applying the same techniques utilized in proving
(51) and (52). O

Theorem 1. Let (M, g, S(TM)) be a radical anti-invariant lightlike hypersurface of a locally
product-like statistical manifold. Then, Ay and Ay, are S(TM)—valued.

Proof. When we substitute the value of (43) into (54), the result is
MANX = ¢*A:X — Mj(ANX)E. (57)
Based on (57), we find
—11(AnX) = 1(ANX),

which implies A = 0 or 7(AnyX) = 0. Since (M, g, S(TM)) is a radical anti-invariant
lightlike hypersurface, we have A # 0. As a result, we obtain #(AyxX) = 0. This fact
demonstrates that Ay is S(TM)—valued. Based on (41) and (52), we find

—1(AyX) = 1(AyX),
which implies that A}; is also S(TM)—valued. O

As a result of Theorem 1, we find the following corollary:

Corollary 1. For any radical anti-invariant lightlike hypersurface of a locally product-like statistical
manifold, B and B* vanish on Rad(TM).

Now, we shall give some relations involving Riemannian curvature tensor fields.
Let R and R* denote the Riemannian curvature tensor fields with respect to V and V*.
Then, we arrive at

S(R(X1, X2) X3, Xy) = —g(R*(X1, X2) X4, X3) (58)

for any X1, Xo, X3, X4 € T(TM).
We recall the following lemma [12]:
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Lemma 3. Let (M, g, V) be a statistical manifold and (M, g, S(TM)) be a lightlike hypersurface
of (M, g, V). Then,

R(X1,X2)X3 = R(X1, X2)X3) — B(Xa, X3) A X1 + B(X1, X3) Ay X2
+ [B(Xz, Xg)T* (Xl) - B(Xl, X3)T* (Xz)]N
+ [(Vx,B)(X2, X3) — (Vx,B) (X1, X3)|N (59)

and

R*(X1, X2)X3 = R*(Xy, X2)X3) — B* (X2, X3) AN X1 + B* (X1, X3) AN X2
+ [B* (X3, X3)T(X1) — B(X1, X3)T(X2)|N

+ [(Vi,B") (X, X3) = (V5,B") (X1, X3) | N, (60)

where R and R* are the induced Riemannian curvature tensor fields on (M, g, S(TM)) with respect
to V and V*.

Now, we consider a null plan~e section 1 = span{X,¢}. Then, the null sectional
curvatures of (M, g,S(TM)) and (M, g) are given by

nu _ g(RO(ng)CI X) Thnu _ g(ﬁo(x,é)g,X)
ki () = XY and K" () = TIXx

respectively. Here, R indicates the Riemannian curvature tensor field of (M, g) with
respect to the Levi-Civita connection V9 and RV indicates the Riemannian curvature tensor
field of (M, g, S(TM)) with respect to the induced connection V°.

Considering the definition of null sectional curvature, we can express the following
definition:

Definition 3. Let (M, g, S(TM)) be a lightlike hypersurface of ( M, 3, V). Then, the null sectional
curvatures of a null plane section 7t with respect to V are given by

IZnull(n_) _ §(ﬁ(x, g)gl X)

AXX)
it g(R(X,O)EX)
Kim = =2x)
TRNU _ g(ﬁ*(X, 6)‘:/ X)
ki = 22X %

and

- _ 8(R(X,6)¢, X)
K ”(7{) = 20X, X) .

Theorem 2. Let (M,g,S(TM)) be a radical anti-invariant lightlike hypersurface of (M, g, V).
Then,
Knull(n) _ Knull(n)

and
K*null (7_[) _ K*null (7.[)

are satisfied for any null plane section 7.

Based on (58) and Theorem 2, the following corollary can be derived:
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Corollary 2. For any radical anti-invariant lightlike hypersurface of a locally product-like statistical
manifold, we have
Kl (7_[) + Kl (7_[) = 0.

Now, we shall recall the following proposition: cf. Proposition 7 in [13].
Proposition 3. Let (M, g, S(TM)) be a lightlike hypersurface of (M, g, V). Then,
k() = B(X,£)C(Z, X)
holds for any null plane section = = span{X, ¢}, where X € T(S(TM)).
Based on Corollary 2 and Proposition 3, the following corollary can be derived:

Corollary 3. Let (M, g, S(TM)) be a radical anti-invariant lightlike hypersurface of (M, g, VF).
Then,
K*null(n,) — Knull(n,) =0

is satisfied for any null plane section 7t.

4. Concircular Vector Fields

First, we provide the definition of concircular vector fields:

Definition 4. Let (M, g, V) be a statistical manifold. A vector field v is called concircular with
respect to V if there exists a smooth function 0 such that

Vxv = 0X (61)

is satisfied for any X € T(TM). In addition, it is called concircular with respect to v* if there
exists a smooth function 8* such that

Viv = 0*X (62)
is satisfied for any X € T(TM). ~ N
It is clear that if v is concircular with respect to V and V*, then v is also concircular

with respect to V°. For some applications of concircular vector fields, we recommend checking
out [14-22].

Example 5. Taking into account (R4,§, 6, F) as shown in Example 3, if we set 1"§1 = 1%2 =
I3, =T =T%, = T3, =0, then we find that 93 is a concircular vector field.

Additional examples can be extracted.

Proposition 4. Let v be a concircular vector field with respect to V on a lightlike hypersurface
(M, g,S(TM)) of (M, g, V). Then, the following situations occur:

1. visalso concircular with respect to V.
2. B(X,v)=0forany X € T(TM).

Proof. Based on (8) and (61), we conclude
Vxv = Vv + B(X,v)N = 6X
indicating that v is concircular with respect to V and B(X,v) =0. O

Proposition 5. Let v be a concircular vector field with respect to V* on a lightlike hypersurface
(M, g,S(TM)) of (M, g, V). Then, the following situations occur:
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1. wvisalso concircular with respect to V*.
2. B*(X,v) =0forany X € T(TM).

Assume that v is concircular lying on T(TM). In this case, we can express
v=vl 4 fN, (63)
where v € T(TM) and f = g(v, &).

Proposition 6. Let (M, g,S(TM)) be a lightlike hypersurface of (M, 3,V). If v is concircular
with respect to V, then the following relations are satisfied for any X € I'(TM):

0X = Vxvl — fFALX, (64)
B(X,vT) = —ft*(X) — Vxf. (65)

Proof. According to (61) and (63), we can express
6)(1/ = 6)(1/]" + ﬁfo =0X, (66)

which is equivalent to B _ _
Vv + (VxfIN + VN = 6X. (67)

By using (8) and (9) in (67), it follows that
0X = VxvT +B(X,vT)N + (Vxf)N — fALX + fT*(X)N. (68)

By examining the tangential and transversal components of (68), we can derive (64)
and (65). O

Proposition 7. Let (M, g, S(TM)) be a lightlike hypersurface of (M, 3,V). If vis concircular
with respect to V*, then the following relations are satisfied for any X € I'(TM):

0*X = VivT — fFANX, (69)
B*(X,vT) = —ft(X) — V%f. (70)

Theorem 3. Let (M,g,S(TM)) be a lightlike hypersurface of an almost product-like statistical
manifold (M, g, V).
1. Ifvis a concircular vector field with respect to V on T(S(TM)), then
Vev=0, C(v,¢)=0. (71)
2. Ifvisa concircular vector field with respect to V* on T(S(TM)), then
Vv =0, C*'(v,&)=0. (72)
Proof. If we put ¢ instead of X in (61), then we have
Vev = 6¢. (73)
By utilizing the value of (8) in (73), we conclude that
Vv + B(Ev)N = 62, (74)
From Proposition 4, we write B(¢, v) = 0. Therefore, we determine that

Vev = 62. (75)
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Considering the fact that v lies on T'(S(TM)) and (12), we obtain
Vev+C(E,v)E = 62. (76)

From the last equation, we find (71).
Using a similar method as in proof (71), one can arrive at (72). O

Statement 1 of Theorem 3 leads us to the following corollary:

Corollary 4. Let (M, g, S(TM)) be a S(TM) totally geodesic or totally normally umbilical light-
like hypersurface of (M, g, V, F) with respect to V*. Then, there does not exist any concircular
vector field with respect to V, which lies on T(S(TM)).

Statement 2 of Theorem 3 leads us to the following corollary:

Corollary 5. Let (M, g, S(TM)) be a S(TM) totally geodesic or totally normally umbilical light-
like hypersurface of (M, g,V , F) with respect to V. Then, there does not exist any concircular
vector field with respect to V, which lies on T(S(TM)).

Proposition 8. Let (M, g, S(TM)) be a lightlike hypersurface of an almost product-like statistical
manifold (M, g, V, F). Ifv = FN is a concircular vector field on (M, g, S(TM)), then the following
equalities are satisfied for all X € T(TM):

B(X,&) =0 and (ﬁx%)ﬁ%vxg:ex. (77)

In particular, if (M, g,V F) is a locally product-like statistical manifold, then
n(ANX) =0, (78)
ALK + T (X)%g e (79)

Proof. If we write FN = v in (61), then we obtain
(Vx 1)z + 2¥xE = 6X (80)
Xy VX6 = 04X

It is easy to prove (77) based on (13) and (80). In particular, if (M, g, V,F)isa locally
product-like statistical manifold, we can determine that

VxEN = FVxN = 6X. (81)
It follows from (31) and (81) that

1
—@ARX +n(ARX)AN +7°(X) ¢ = 0X (82)

is satisfied. Based on (82), proving (78) and (79) becomes straightforward. [

Through a similar approach to the proof of Proposition 8, one can obtain the following
proposition:

Proposition 9. Let (M, g, S(TM)) be a lightlike hypersurface of an almost product-like statis-

tical manifold (M, §,V,F). If v = F*N is a concircular vector field with respect to V* on
(M, g,S(TM)), then the following equalities are satisfied for all X € T(TM):

B*(X,&) =0 and (63}%)“%%{5:9*;& (83)
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In particular, if (M, g, S(TM)) is a locally product-like statistical manifold, then
n(ANX) =0, (84)
—(p*ANX—i-T(X)%C =0"X. (85)

As a result of Proposition 8 and Proposition 9, we can derive the following corollaries:

Corollary 6. Let (M,g,S(TM)) be a lightlike hypersurface of a locally product-like statistical
manifold. If v = FN is a concircular vector field with respect to V or V*, then the null sectional
curvatures K and K* vanish identically.

Corollary 7. Let (M, g, S(TM)) be a lightlike hypersurface of an almost product-like statistical
manifold. If v = FN is a concircular vector field with respect to V (or V*), then AN;X (or AyX)
belongs to T (S(TM)).

Corollary 8. Let (M, g, S(TM)) be a totally normally umbilical with respect to V (or V*). Then,
v = FN is not a concircular vector field with respect to V* (or V).

5. Conclusions and Future Works

Various relations on a Riemannian manifold can be obtained by examining the ge-
ometric properties of some special types of vector fields. The most used of these vector
fields are geodesic vector fields, Killing vector fields, concurrent vector fields, concircular
vector fields and torse-forming vector fields, etc. In this study, we obtained some results on
radical anti-invariant lightlike hypersurfaces of almost product-like statistical manifolds,
with the help of concircular vector fields and concurrent vector fields.

In future works, the lightlike hypersurfaces of almost product-like statistical manifolds
with geodesic vector fields, Killing vector fields and torse-forming vector fields may be
studied. Considering [23-29], some applications of these hypersurfaces in singularity
theory and submanifold theory could be obtained.
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