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DIMENSIONAL CURVATURE IDENTITIES IN FEDOSOV GEOMETRY

ADRIAN GORDILLO-MERINO, RAUL MARTINEZ-BOHORQUEZ,
AND JOSE NAVARRO-GARMENDIA

ABSTRACT. The curvature tensor of a symplectic connection, as well as its covariant deriva-
tives, satisfy certain identities that hold on any manifold of dimension less than or equal to
a fixed n.

In this paper, we prove certain results regarding these curvature identities. Our main
result describes, for any fixed dimension and any even number p of indices, the first space
(provided we have filtered the identities by a homogeneity condition) of p-covariant curvature
identities.

To this end, we use recent results on the theory of natural operations on Fedosov mani-
folds. These results allow us to apply the invariant theory of the symplectic group, with a
method that is analogous to that used in Riemannian or Kahler geometry.

1. INTRODUCTION

Fedosov manifolds constitute the skew-symmetric version of Riemannian manifolds: they
are smooth manifolds X equipped with a symplectic form and a symplectic connection; that
is to say, with a non-singular closed 2-form w and with a symmetric linear connection V
such that Vw = 0 (]2], [3]). The symplectic connection produces many local invariants, and
hence the local geometry of these manifolds resembles that of Riemannian manifolds, much
more than that of symplectic manifolds.

One of these local invariants is the curvature of the symplectic connection. This tensor, as
well as its covariant derivatives, satisfy certain symmetries and relations among them, such
as the linear and differential Bianchi identities or the Ricci identities. These are satisfied by
the curvature of any symmetric linear connection on any manifold. Indeed, it can be proved
that, essentially, these are the only identities with these properties ([11, Chap. VIJ).

Nevertheless, there exists some other kind of relations, that crucially depend on the
dimension of the manifold. As an example, consider a Fedosov manifold X with symplectic

form wey, cuvature R ik and Ricel tensor Kj; = Rkikj. In this paper we prove that the
expression
(1.1) 2K Kiwy — R o Ry g + 4K R, — AR, RS
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is generically non-zero whenever if the dimension of X is greater than 4, whereas it vanishes
identically if the dimension of X is lesser or equal than 4 (in, fact, this property characterizes
it, see Theorem 1.2).

These dimensional identities already attracted attention very early in the development of
General Relativity ([12]), as well as in Riemannian geometry ([4]). More recently, they have
also been studied on Kahler and pseudo-Kahler manifolds ([7], [15]).

Classical results concerning these identities were established by means of lengthy calcula-
tions, involving computations with large expressions of multi-indexes ([12], [4]). Nevertheless,
some years ago these arguments were dramatically simplified by Gilkey-Park-Sekigawa ([5],
[6]), that shed light into the role of classical invariant theory in these dimensional phenom-
ena. His work also paved the road to a broader study of dimensional identities ([13]) and
caught the attention to its applications ([1], [14]).

In this paper, we extend the analysis of these identities to Fedosov manifolds. To this
end, it has been necessary to develop the theory of natural operations on Fedosov manifolds,
up to the point of describing the relation of these invariants with the symplectic group. This
description, that has only been achieved recently ([9]), permits an analysis of dimensional
identities that is analogous to that made in pseudo-Riemannian geometry ([14]).

To finish with, although the precise statements of our results will be expounded in the
next section, let us briefly comment two particular cases.

To this end, firstly observe that a dimensional identity is defined by a natural tensor that
is identically zero below certain dimension (cf. Definition 2.3). Moreover, one of the main
results of the theory of natural operations says that the spaces of natural tensors associated
to a Fedosov structure, subject to a homogeneity condition (cf. Definition 2.1), are finite
dimensional R-vector spaces.

Regarding scalar curvature identities, that is to say, homogeneous natural functions that
vanish below certain dimensions, we prove that there are no identities at all, if the weight is
greater or equal than —2. The first non-trivial case, that of homogeneous functions of weight
-4, is analysed in this statement

Theorem 1.1 (Scalar identities). The vector space of natural functions, homogeneous of
weight —4, that vanish on dimension 2 1s a one dimensional vector space, generated by the
function

(1'2) R 1271 1Ri211J2 2(w A w)jlkljgkg )

i1

On higher dimensions, there are no homogeneous scalar identities of weight -4.

Another interesting case is that of 2-covariant identities; that is to say, 2-covariant natural
tensors that vanish below certain dimension. In this situation, we prove that there are no
identities if the tensors are homogeneous of weight greater or equal than 0. Thus, the first
non-trivial case is that of homogeneous tensors of weight —2:
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Theorem 1.2 (2-covariant identities). The vector space of natural 2-tensors, homogeneous
of weight —2, that vanish in dimension 4 is a one dimensional vector space, generated by the
following 2-form

(1.3) R, R (w0 A w A W)k joksab

11

On higher dimensions, there are no homogeneous 2-tensor identities of weight -4.

The 2-form appearing in this statement coincides with the tensor presented at the begin-
ning of the introduction; i.e., (1.3) is an expanded expression of (1.1).

In fact, the similarities between the expressions of (1.2) and (1.3) already point to a
general result describing these identities. And this is the main result of this paper: a theorem
describing dimensional identities on Fedosov manifolds, that include the aforementioned two
theorems as particular cases (cf. Main Theorem in Section 2.2). In a sense, it computes the
‘simplest” dimensional identities: for any fixed dimension and any even number p of indices,
it describes the first space (i.e. that with greater weight) of p-covariant curvature identities

in dimension n.

2. STATEMENTS

Let us fix a smooth manifold X of even dimension 2n and let 77 be the sheaf of p-covariant
tensors over X.

Let F be denote the sheaf of Fedosov structures over X; that is to say, a section of F on
an open set U C X is a pair consisting on a closed 2-form w on U and a symmetric linear
connection V on U such that Vw = 0.

Definition 2.1. A natural p-tensor associated to Fedosov structures in dimension 2n is a
morphism of sheaves ¢ : F — T7? verifying:
e Regularity: for any smooth manifold 7" and any smooth family of Fedosov structures
{(wt, Vi) heer parametrized by 7', the family {¢((w:, Vi) her is also smooth.
e Naturality: for any local diffeomorphism 7 : U — V between open subsets of X, it
holds that
T(rew, 7.V)) = 1.7 ((w, V))
for any Fedosov structure (w, V) on U, where 7, denotes the action of the diffeomor-
phism 7 on the corresponding objects.

A natural tensor T : F — TP is homogeneous of weight § € Z if, for all non-zero A € R,
(2.1) T(Nw,V) =T (w,V) .

Hence, the weight of a natural tensor must be an even number (take A = —1).

Examples of homogeneous natural tensors include the symplectic form, the curvature
operator of the symplectic connection, its covariant derivatives and tensor products or con-
tractions among these objects (]9, 3]).
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For any number of indices p € N and any even weight ¢ € 27Z, let us write

T, 520 = Natural tensors F — TP in dimension 2n
pol=l = homogeneous of weight § :

The theory of natural operations readily implies that all the real vector spaces 1), 5[2n]
have finite dimension (3.2) and that, if 6 > p, then T}, 5[2n] = 0.

2.1. Dimensional reduction. From now on, let us fix R?" as our base manifold of even
dimension 2n. Consider the Fedosov manifold (R?,7, V), where 7 is the canonical symplectic
form of R? and V is the flat linear connection.

If (w,V) is a Fedosov structure on R**, we can produce a higher dimensional Fedosov
structure by making the product (as Fedosov manifolds) of (R**,w, V) and (R?,n,V): the
2(n + 1)-dimensional Fedosov manifold (R** x R?, w’, V'), where w’ = w + dx, 11 Ady, ;1 and

the connection V' is defined by the following Christoffel symbols:

(F,)U = FZ]’ 1 S 1,7, kf S 2n.
(F')fj =0, in any other case,
where Ffj stand for the Christoffel symbols of V.

Definition 2.2. The dimensional reduction map r,: 7T}, 5[2(n + 1)] — 1, s[2n] sends a
natural tensor 7' to the natural tensor

ro(T)(w, V) :=i"(T (W', V),
where 4 denotes the embedding i : R*" — R?" x R? z > (,0,0).

The 7, are checked to be well-defined, R-linear maps. That is to say, for any choice of
p € N indices and weight § € 27Z, there exists a sequence of R-linear maps

o= Ts2(n + 1)) == Tp52n] — ... = T, 5[4] — T,4[2) — 0 .

In Section 4, we will prove certain general results concerning these sequences:

(1) the maps r, are surjective for all n € N (Proposition 4.1);

(2) they stabilize: the r,, are isomorphisms for sufficiently large n (Lemma 4.2).

In order to get a deeper knowledge of this dimensional reduction procedure, we are thus
led to investigate the kernels of these maps r,,.

Definition 2.3. A dimensional curvature identity in dimension 2n is an element of the space

K, 5[2n| .= Ker(r,: T, 5[2(n+ 1)] = T, s[2n]) .
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2.2. Main result. The two results presented in the introduction are particular cases of a
more general statement. To formulate it, let us first recall the notion of Chern form associated

to a linear connection:

Definition 2.4. A Chern form ¢, is a natural 2¢-form on X that belongs to the algebra
generated by exterior products of (real-valued) natural forms of the following kind

tr(RA...AR) ,

where the wedge product A of endomorphism-valued 2-forms is defined using the composition
of endomorphisms. In index notation, these generators of the algebra of Chern forms are the
alternation of the indices j and k of the expression

R R R

i1k Viagoka * M lighgke

Main Theorem. Let d € 27 and p € 2N be such that § < p.

If 2n > 2p — 6, then the vector space K,s[2n] is zero; i.e., there are no dimensional
identities of the curvature.

If 2n = 2p — 6 — 2, then the vector space K, 5[2p — 6 — 2] of curvature identities is spanned
by the p-forms
(2.2) <w/\ ke /\w,ck> ,
p—0
2
with 2k-forms induced by w.

where k := ¢k is a Chern form and (-, -) denotes the contraction of (2k + p)-forms

Moreover, Chern forms ¢, with k& odd, vanish (Lemma 3.4). Hence,

Corollary 2.5. If k = 7%5 is odd, then the vector space K,s[2p — 0 — 2| of dimensional

curvature identities is zero.
Recall the expanded expression of the tensor 7" of (1.3):
Ty = 2K Klway — R R way + AKI R, — AR, R F

Utilizing the identity Rkimjf” =K ki’j, it follows that div7 = 0.

We conjecture that all the p-forms that appear in the Main Theorem have null divergence:
Conjecture. div <w/\ k3 ANw, ck> =0.

In Riemannian geometry, the analogous statement is true: the first non-trivial curvature
identities are divergence-free ([13]).

3. PRELIMINARIES
3.1. Natural operations on a Fedosov manifold.

Definition 3.1. The space N,, of normal tensors of order m at a fixed point xy € X is the

vector subspace of (m + 3)-tensors whose elements 7" verify the following symmetries:
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(1) they are symmetric in the second and third indices, and in the last m:

irz'kjal...am - Ejkal...ama Ejkaa(l)...aa(m) - irz’jkal...ama Vo € Sm ;

(2) the symmetrization of the last m + 2 covariant indices is zero:
Z ﬂg(j)o(k)a'(lh)...o(am):(];
Uesm+2

(3) the following tensor is symmetric in k& and a;:
7Tik'jal---am - j—jjkial---am .
Due to its symmetries, it is immediate that Ny = 0.

Theorem 3.2. Let p € N and § € Z. Fizing a point vo € R* and a chart U ~ R?*" around
o produces a R-linear isomorphism

Tys2n) = @ Homg, (SN, ®...® SN, TP ),
di,dy
where Sp = Sp(2n,R) denotes the symplectic group, TP denotes the vector space of p-

covariant tensors at xo and dy,...,d, run over the mon-negative integer solutions of the

equation

2di+...+(r+1)d,=p—9.

3.2. Invariant theory of the symplectic group. Let V' be a real vector space of fi-
nite dimension 2n, let w be a non-degenerate skew-symmetric bilinear form on V' and let
Sp(2n,R) be the real Lie group of R-linear automorphisms that preserve w.

The First Fundamental Theorem of the symplectic group ([8]) describes the vector space
of Sp(2n, R)-invariant linear maps V® .?. @V — R

First Fundamental Theorem of Sp. The real vector space Homgp(a,r) (V® .2. @V, R)
of invariant linear forms on V®...®V is null if p is odd, whereas if p is even it is spanned

by
Wo (€15, 6p)) = w(es1)s €o(2)) - - - W(€o(p-1): Ea(p))

where o € S),.

There may be linear relations between these generators, which are explicitly stated by
the Second Fundamental Theorem ([8, ?]):

Second Fundamental Theorem of Sp. The only linear relations between the generators
of Homgponr) (V® .2. @V, R) described above are:

(1) The trivial symmetries induced by the product of scalars and the skew-symmetric
property of the symplectic form.
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(2) The dimensional identities: if n < p, then for any I C {1,...,p} such that |I| > n+1

one has:

(3.1) Z (sgno) w, =0

O'ES‘]‘

where o € S|y is seen as an element of S, by leaving the indices {1,...,p} \ I
ntact.

In the applications, the following facts will also be relevant ([10]):

Proposition 3.3. Let E and F be (algebraic) linear representations of Sp(2n, R).

o There exists a linear isomorphism Homgy (o, r) (£, ) = Homgp(o,r) (E @ F*, R).
o [fW C E is a sub-representation, then any equivariant linear map W — F' is the

restriction of an equivariant linear map E — F.

3.3. On the Chern forms of symplectic connections. Due to the lack of a clear refer-
ence, let us include here a basic fact concerning the Chern forms of symplectic connections.

Lemma 3.4. For q odd, the Chern forms c, of a symplectic connection are null.

Proof: Observe that it is enough to check that R},  R:!, .. .RZZ;;CQ = 0, as all Chern
forms ¢, of degree 2¢ contain a factor RZ;I’blCl oabacy - RZ‘I:;C ., with ¢’ < ¢ odd.
979 "q

Due to the symmetries of the curvature tensor of a symplectic connection, it holds that

aq ay Ag—1  __  agqdg aydy ag—1dg—1
Ra16101 agboco * * Raqchq =w qualblclw Rd1a2b202 . K quflaqchq
_ (_1\4, ,dqa diay dg_1ag—1
- ( 1) w K quqalblclw Rd1a26202 LW 1 5 quflaqchq
— (_1)\49, ,d1a1 dzaz dqa
- ( 1) w qualblclw RdlaszCQ Y 4 quqflaqquq

- (_1)qR§; R2 . R%

bici " dibaca : dqflchq :

As ¢ is odd, (—1)? = —1. Reordering the factors,

_1\a pd1 do dq __ pdq dg—1 dy
( 1) qublcl Rdlbgcz tet quflchq - quflchququbqflcqfl e qublcl .

Recall that the indices b and c are being alternated, so that we can permute them in the

following way:

dq dg—1 dy _ dq dg—1 d1
quflququq,quflcqfl T qublcl - qu,1b101 qu72b202 Tt quchq :
Renaming the indices d as a (d; — a,—; for all i € {1,...,¢ — 1}, d, — a,), we are left

with the original Chern form with opposite sign, and thus is null. U
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4. PROOF OF THE GENERAL STATEMENT

Let us begin this section by proving that the dimensional reduction maps r,, are surjective:
Proposition 4.1. The maps r, are surjective for all n € N.

Proof: By Theorem 3.2, given any fixed non-singular 2-form w at a point z, € R?", any
Ty, € T, 5[2n] can be expressed as a Sp-equivariant linear map to, : SNy ® ... ® S* N, —
X” T;ORQ", where dy, . .., d, are non-negative integers running over the solutions of Equation
3.2.

Due to Proposition 3.3 and using the polarity isomorphism of w, t5, is the restriction to
SUN, ®...® S™N, Q" T: R of a Sp-equivariant map @ T R** — R, where

N=4dy+...+B+r)d, +p.

Applying the First Fundamental Theorem of Sp and restricting, to, = > AoWs, Where
o Syand A\, €R forall o € Sy .

Then, denoting by Ni,..., N, the spaces of normal tensors in R?™*1) and defining the
Sp-equivariant map ta(,11) : STN; ® ... Q SN, Q" T;OR2(”+1) as La(nt1) = Y pegy AoWo it

is easy to compute that r,,(To(n11)) = Ton, where To(, 41y € 1), 5[2(n+1)] is the natural tensor

cESN

that corresponds to ty(,11) by Theorem 3.2 (fixing the non-singular 2-form w + d;(zg)Tnt1 A
di(xo)yn—i-l at 'l([lﬁ'o) = (x0> Oa O) S R2(n+1)). 0

Let us observe that the notion of dimensional identity is closely related to the Second
Fundamental Theorem of Sp: let T" = {715, }men be a dimensional curvature identity in
dimension 2n, for some n € N (and so Ty, = 0). By Theorem 3.2, given any fixed non-

singular 2-form w, any 75, can be expressed as a Sp-equivariant linear map

p
tom : SU N1 @ ... @ S"N, = Q) T5 X

where X denotes a smooth manifold of dimension 2m.
As Ty, = 0, it must also hold that t,, = 0.
The key fact is that, due to Proposition 3.3 and using the polarity isomorphism of w, ts,
is the restriction to SUN; ® ... ® S™ N, ®” T X of a Sp-equivariant map QY Ty X — R,
where
N=4dy+...+B+r)d, +p.
Applying the First Fundamental Theorem of Sp, such a map is a linear combination

Z AWy

ogeSN

IRecall that if w is a non-singular 2-form on a vector space V', then the Sp-equivariant linear maps
we 1 V@ N. @V — R are defined as

wo((e1,...,en)) = wles), eo2)) - - W(ea(N=1)s €o(N)) -
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of maps w, (defined in the First Fundamental Theorem of Sp), with o € Sy, that is null
when restricted to S"N; @ ... ® S N,.

As the symmetries of the spaces of normal tensors /V; do not depend on the dimension of
the base manifold, they cannot be the reason why t,, is null, as if that were the case then
to, = 0 for all m € N (as ty,, = ZJESN Aow, for all m € N, see the proof of Proposition 4.1)
and T' = 0, leading to a contradiction.

Therefore, > s
we can invoke the Second Fundamental Theorem of Sp, which says that >

Aow, = 0 before restricting to the spaces of normal tensors N;. Thus
csy AW (and
oESN

so any tg,,,) can be expressed as in Equation 3.1:

oes||
where I C {1,..., N} is a set such that |/| > 2n.

Let us compute the maximum amount of indices in S"N; @ ... @ S*"N, Q" T X that
can belong in the set I. Let s € {1,...,r}, let T}jka,..a. € Ns be a normal tensor and suppose
that there are three of the indices i, 7, k,aq,...,as in I, i.e. they are being alternated. As
the indices 7 and k£ and the last s indices are symmetric, we may suppose without loss of
generality that ¢, j and a; are the alternated indices. However, the symmetry

irz’jkalag...as - irjikalaz...as - Ejalkaz...as - T‘jialkaz...as

assures that this alternation is zero.
As only a maximum of two indices in each Ny factor can belong in I, the maximum total
amount of indices in SEN; ® ... ® SN, Q" T} X that can belong in [ is

m=2(d+...+d,)+p.

Lemma 4.2. There are no dimensional identities of the curvature of p indices and weight §
in dimension 2n > 2p — 6.

Proof: The Second Fundamental Theorem of Sp assures that there are no dimensional
identities for 2n > m. In our case,

m=2(d+...+d.)+p=2p—06—(da+ ...+ (r—1)d,) <2p—9,
finishing the proof. U

Lemma 4.3. The dimensional identities of the curvature of p indices and weight § in dimen-
sion 2n = 2p — 0 — 2 are independent of derivatives of the curvature, that is, it corresponds
to an Sp-equivariant map SU Ny — T X.

In particular, there are no dimensional identities in dimension 2n = 2p— 9 — 2 for p odd.
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Proof: For a dimensional identity to exist, it must hold that m > 2n + 1. It holds that
2 +...+d)+p=m>2n+1
=2p—0—1
=2d+...+(r+1)d,+p—1
=2di+...+d)+p+(de+...+(r—1)d,)—1.

Therefore, either dy = ... =d, =0 or possibly do = 1,ds = ... =d, = 0.

However, there are no dimensional identities in dimension 2n =2p—0 —2if dy = 1,d3 =
... =d, = 0: recall that a pair of indices in each N factor, plus p indices, belong in the set
of indices being alternated, and that no more than two indices in each N, factor can belong
in /. At least one index in the remaining 3 + 2d; indices has to be contracted to an index
in I, as 3 4 2d; is an odd amount. Thus, in some N, factor there are three indices being
alternated, which is null, as explained above. O

Example. Let p=1, 0 = —4, dy = d; = 1. The tensor

T; = Dy T (w A W) kmab

is not a dimensional identity in dimension 2n = 2p — 9 — 2 =4, and

’_TZ./ = ch klm,l—wjabl(w ANw A W)kmabci =0.

Observe that if we denote by k = d; the amount of curvature operators involved in the
dimensional identity, then 6 = p — 2k and so we may rewrite 2n =2p — 0 —2 =2k +p — 2.

Proof of the Main Theorem. By the previous lemma and the observation above, any
dimensional identity T for 2n = 2k + p — 2 can be expressed as an Sp-invariant linear map
of the form

p
T:5N, QT X — R
for a fixed xg € X and w a non-singular 2-form at z;.

Let us replace the space Ny by applying the following Sp-equivariant linear isomorphism
([3], Equation 5.3)
Ny — R
Tijrr — Rijrr = Tijie — Tijua,
where R C S°T; X ® A*T7 X is the vector subspace of tensors R that satisfy the Bianchi
identity:
Rijii + Ringj + Rajn. = 0 .

As explained before, out of the 4k + p indices only a maximum of two indices per R factor
and the p free indices can belong in I, summing up to m = 2k + p = 2p — . It is also the
minimum, as m > 2n = 2p — J — 2 due to the Second Fundamental Theorem of Sp and m
must be even due to the First Fundamental Theorem of Sp.
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As the symmetric pair of any R factor cannot belong in I, by applying the Bianchi
identity and re-ordaining indices we may suppose, without loss of generality, that the skew-
symmetric pair of each R factor belongs in I, along with the free p indices. This fills the
amount of indices needed in I.

The remaining indices (that is, the symmetric pairs of indices of the R factors) must be
contracted with indices of different symmetric pairs, since contracting a symmetric pair of
indices with the symplectic form would be null. Hence we obtain a Chern form ¢, which is
non-zero only if k is even, due to Lemma 3.4.

All that is left is to express this map as an Sp-equivariant map

p
T:S"R— QT X,

by invoking Proposition 3.3 and applying the polarity isomorphism given by the non-singular
2-form w. This produces a p-form proportional to the one in the statement. ]

REFERENCES

[1] Euh, Y., Park, J. and Sekigawa, K., A curvature identity on a 6-dimensional Riemannian
manifold and its applications, Czechoslovak Math. J., 67(142) (2017) 253-270.

[2] Fedosov, B. A simple geometric construction of deformation quantization, J. Diff. Geom.
1994 40, 213-238.

[3] Gelfand, I., Retakh, V., Shubin, M., Fedosov Manifolds, Adv. Math. 136:1, 104-140
(1998).

[4] Gilkey, P.B. Curvature and the eigenvalues of the Dolbeault complex for Kaehler man-
ifolds. Adv. Math. 1973, 11, 311-325.

[5] Gilkey, P.; Park, J.H.; Sekigawa, K. Universal curvature identities. Diff. Geom. App.
2011, 29 7T70-778.

[6] Gilkey, P.; Park, J.H.; Sekigawa, K. Universal curvature identities II. J. Geom. Phys.
2012, 62 814-825.

[7] Gilkey, P.; Park, J.H.; Sekigawa, K. Universal curvature identities and Euler Lagrange
Formulas for Kaehler manifolds. J. Math. Soc. Japan 2016, 68, 459-487.

[8] Goodman, R., Wallach, N. R.: Representations and Invariants of the Classical Groups.
3rd corrected printing, Cambridge Univ. Press (2003)

[9] Gordillo-Merino, A.; Martinez-Bohérquez, R.; Navarro-Garmendia, J. On invariant op-
erations of Fedosov structures. arXiv:2301.10285 [math.DGJ.

[10] Gordillo, A.; Navarro, J.; Sancho, P. A remark on the invariant theory of real Lie groups.
Collog. Math. 2019, 156, 295-300.
[11] Kolar, I.; Michor, P.W.; Slovdk, J. Natural Operations in Differential Geometry;

Springer: Berlin/Heidelberg, Germany, 1993.



12 A. GORDILLO-MERINO, R. MARTINEZ-BOHORQUEZ, AND J. NAVARRO-GARMENDIA

[12] Lanczos, C. A Remarkable Property of the Riemann-Christoffel Tensor in Four Dimen-
sions. Annals of Mathematics 1938, 39: 4, 842-850.

[13] Navarro, A.; Navarro, J. Dimensional curvature identities on pseudo-Riemannian ge-
ometry. J. Geom. Phys. 2014, 86, 554-563.

[14] Navarro, A.; Navarro, J. Uniqueness of the Gauss-Bonnet-Chern formula (after Gilkey-
Park-Sekigawa). J. Geom. Phys. 2016, 101, 65-70.

[15] Park, J.; Euler-Lagrange formulas for pseudo-Kéhler manifolds, J. Geom. Phys., 99,
(2016) 239-243

[16] Vaisman, I. Symplectic curvature tensors. Monatsh. Math. 1985, 100(4), 299-327.

DEPARTAMENTO DE DIDACTICA DE LAS CIENCIAS EXPERIMENTALES Y MATEMATICAS, UNIVERSIDAD

DE EXTREMADURA, E-06071 BADAJOZ, SPAIN
Email address: adgormer@unex.es, ORCID code: 0000-0002-2383-5292

DEPARTAMENTO DE MATEMATICAS, UNIVERSIDAD DE EXTREMADURA, E-06071 BADAJOZ, SPAIN
Email address: raulmb@unex.es

DEPARTAMENTO DE MATEMATICAS, UNIVERSIDAD DE EXTREMADURA, E-06071 BADAJOZ, SPAIN
Email address: navarrogarmendia@unex.es



