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Introduction

Let p(x,{) be the set of parametric probability distribution with parameter { =
[¢%, ..., ™) e R™. This set is called a statistical model or manifold. The distance between
two points is measured by the Fisher metric. In general, statistical manifolds are
Riemannian manifolds of distributions endowed with the Fisher information metric.
On the other hand, one of the most important structures on odd dimensional Riemannian
manifolds is the almost contact structure. Recently, statistical manifolds equipped with
almost contact structures are studied by many authors. In this paper, we introduce
statistical almost contact-like and statistical cosymplectic manifolds on a Riemannian
manifold. We recall the basic definitions and define statistical cosymplectic manifolds
and their invariant submanifolds. We prove that an invariant submanifold of a statistical
cosymplectic manifold with tangent structure vector field is a cosymplectic and minimal-
like submanifold. Also, we prove if the structure vector field be normal to the
submanifold then the submanifold is a statistical Keahler-like manifold. Finally, we

construct two examples to illustrate some results of the paper.

Statistical almost contact-like manifolds
Let (M, g) be a Riemannian manifold with the Levi-Civita connection V. (M, g) is called
a statistical manifold if there exists an affine and torsion free connection V such that for
all U, v, W e t(M)

e W,w) = yg)(U,W).

Moreover, an affine and torsion free connection V* is called a dual connection with
respect to g, if

UgW,w) =gV, w) + gV, vy w).
An almost contact manifold (M, ¢, &, 1) with Riemannian metric g is an almost contact-

like manifold if it has another (1,1)-tensor field ¢* satisfying
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9(@U,V) = —g(U,¢"V), 9, %) = n).
Let (M,¢,&,1n) be an almost contact-like manifold, then for all U,V e t(M) the

following relations hold

g(@U,9'V) = g(U,V) = nUnV),  ¢*?U=-U+nU)%.
Definition. An almost contact-like manifold (M,V, ¢, &,7, g) with statistical structure
(V, g) is a statistical almost contact-like manifold. Moreover, (M,V, ¢, &,7, g) is called
a statistical cosymplectic manifold if

(Vyp)V =0.

M is an invariant submanifold of a statistical cosymplectic manifold

(M, V,0,¢&,1,9), ifforall U e (M) we have oU € t(M), p*U € T(M).

Submanifolds of statistical cosymplectic manifolds

We show that the manifold (M, V, ¢, &, 7, g) is a statistical cosymplectic manifold if and
only if (M, V", ¢*,&,1, g) is a statistical cosymplectic manifold. Moreover we prove the
following theorems.

Theorem. Any invariant submanifold of a statistical cosymplectic manifold with tangent
structure vector field ¢, is a statistical cosymplectic and minimal-like submanifold.
Theorem. Let M be a submanifold of statistical cosymplectic manifold (M,V, ¢, ¢,7, g)
such that the structure vector field & is normal to M. Then for any vector field U € (M)

we have

A*eU =0, V¢ = n(Vyé)é.

Theorem. Let (M,V,¢,&,n,g9) be a statistical cosymplectic manifold. If M is a
submanifold of M and the structure vector field & is normal to M then

RY(U,V)E=0, VU,V etr(M).
Theorem. Let M be an invariant submanifold of statistical cosymplectic manifold
(M,V,¢,&n,g) and € is normal to M. Then M is a statistical Keahler-like manifold.
Conclusion
We introduce statistical cosymplectic manifolds and investigate some properties of their
tensors. We define invariant and anti-invariant submanifolds and study invariant
submanifolds with normal and tangent structure vector fields. We prove that an invariant
submanifold of a statistical cosymplectic manifold with tangent structure vector field is
a cosymplectic and minimal-like submanifold. Also we show if the structure vector field

is normal to the submanifold then that is a statistical Keahler-like manifold
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el gyl ol les L alace (M, Y, 9, €,7, g)

g W e UMl om g0 slian olsie a0 |, Uy = Xp 5 Uy = Xq &M = (Uy, Uy, 0,0,0) >
o . 3 — a — a . * = ..
ameS o a3b T M oles sLad sl a5y el &1L S, {€g = ou, 2 —m}ww;ﬁ--\iﬁﬁm

o(T,M)c=TyM, ¢*(T,M)cT,M, VpeM.

el 0 s (M, @) 51 a8 S oo 555 0 M 59, 5 305 Spgo a0 L, V5 5V sl sl
Velel = _Vezez = —€y, Velez = Vezel = —€yq,
V*elel = _V*ezez = €y, V*elez = V*32€1 = €.
ool T as Jloy € slop lose a5 canl Ll (s bl aliie yyy MaS 04 oo ada>dlo

sl ol 2l &5 ivio Mg o 4zl = @[3y of = @l Gy b ol osdle
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