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Abstract

Higher order relations existing in normal coordinates between affine extensions
of the symplectic curvature tensor and basic objects for any Fedosov
supermanifolds are derived. Representation of these relations in general
coordinates is discussed.

PACS number: 02.40.Sf

1. Introduction

Fedosov supermanifolds are a special kind of supermanifolds introduced by Berezin [1] and
studied in detail by DeWitt [2]. They are introduced as even or odd symplectic supermanifolds
endowed with a symmetric connection which preserves a given symplectic structure. In the
even case, they can be considered as natural extensions of Fedosov manifolds [3, 4] in the
supersymmetric case. In the odd case, there is no analogue for them in differential geometry
on manifolds. Note that modern quantum field theory involves symplectic supermanifolds to
formulate quantization procedures. The well-known quantization method proposed by Batalin
and Vilkovisky [5] is based on geometry of odd symplectic supermanifolds [6]. In turn,
the deformation quantization [3] can be formulated for any even symplectic supermanifolds
(see [7, 8]). Simple types of Fedosov supermanifolds have already appeared in the physical
literature. Namely, flat even Fedosov supermanifolds have been used to construct a coordinate-
free quantization procedure [9] and the triplectic quantization method [10, 11] in general
coordinates [12].

Systematic investigation of basic properties of even and odd Fedosov supermanifolds has
started in [13] and continued in [14]. In particular, the relations between a supersymplectic
structure, a connection and the symplectic curvature tensor in the lowest (first and second)
orders have been derived (the order of relations is defined by the order of affine extension of
connection). It was shown that relations of the second order are very useful to derive new
identities containing the first-order covariant derivatives of the symplectic curvature tensor.
From this point of view, it seems to be very interesting to investigate higher order relations in
Fedosov supermanifolds.

0305-4470/06/216501+08$30.00  © 2006 IOP Publishing Ltd  Printed in the UK 6501


http://dx.doi.org/10.1088/0305-4470/39/21/S47
mailto:lavrov@tspu.edu.ru
mailto:radchenko@tspu.edu.ru
http://stacks.iop.org/JPhysA/39/6501

6502 P M Lavrov and O V Radchenko

The goal of the present paper is to study higher order relations existing among the affine
connection, symplectic structure and the symplectic curvature tensor and to find a fundamental
origin of all these relations. Namely, we derive explicit forms of these relations in the third
order and discuss consequences from them to obtain identities for the symplectic curvature
tensor. Moreover, we state that all higher order relations can be considered as coefficients of
the Taylor expansion of generating functions found in the closed form.

The paper is organized as follows. In section 2, the notion of even (odd) Fedosov
supermanifolds and of even (odd) symplectic curvature tensors are given. In section 3,
affine extensions of connection and tensors on a supermanifold are considered. In section 4,
relations existing among affine extensions of connection, symplectic structure and the
symplectic curvature tensor of the first and second orders are presented. In section 5, relations
of the third order for objects listed in section 4 are derived. In section 6, generating functions
for all higher order relations are found. In section 7 concluding remarks are given.

We use the condensed notation suggested by DeWitt [15]. Derivatives with respect
to the coordinates x’ are understood as acting from the right and for them the notation
A; = 0,A/dx" is used. Covariant derivatives are understood as acting from the right with the
notation A.; = AV;. The Grassmann parity of any quantity A is denoted by € (A).

2. Fedosov supermanifolds

Consider an even (odd) symplectic supermanifold, (M, w) with an even (odd) symplectic
structure w, €(w) = 0 (1). Let us equip (M, w) with a covariant derivative (or connection)
V (or I') which preserves the symplectic structure @, @V = 0. In a coordinate basis this
requirement reads

wijk — Ol jk + @ " i (=1 =0, wij = —wji(—=1)“. (H

If, in addition, I" is symmetric l"ijk = Fikj(—l)ekéf then the triple (M, w, I') is defined as a
Fedosov supermanifold.
The curvature tensor of a symplectic connection with all indices lowered

Rimjk = winR" mjk 2
obeys the following symmetry properties [13]:
Rijii = — (=1 Rijig, Rijii = (=D Rjin. 3)

Using definition of tensor field @/ inverse to the symplectic structure w; ; [13] and notation,
Fijk = win " ji, e([ijk) =€(w) +€ +€j +e,

one obtains the following representation for the symplectic curvature tensor:

Rijir = —Tijit + Tijie(=1)7% + Tyig D" jy (= 1S EOFEI0e — T 7y (—Dr(eorerreras,
4)
The (super-)Jacobi identity for R;jz; holds:
Rijua (=D + Rigje (=1 + Rigg (=14 = 0. )
For any even (odd) symplectic connection there holds the identity (see [13])
Riji + Riiji(—1)T W99 4 Rygyj (=)@ 4 Ry (— 1)+ = 0, (©6)

In the identity (6) the components of the symplectic curvature tensor occur with cyclic
permutations of all the indices (on R). However, the pre-factors depending on the Grassmann
parities of indices are not obtained by cyclic permutations as in the case of the Jacobi identity
(5) but by permutations of indices from the given set to the initial one.
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3. Affine extensions of tensors on supermanifolds

In [4] the virtues of using the method of normal coordinates for studying the properties of
Fedosov manifolds were demonstrated. Normal coordinates {y’} at a point p € M can
be introduced by using the geodesic equations as those local coordinates which satisfy the
relations (p corresponds to y = 0):

Ty y! =0, e(Tijr) = €(®) + € +€j + . (7)

It follows from (7) and the symmetry properties of I';;; w.r.t. (jk) that I';;;(0) = 0. In
normal coordinates there exist additional relations at p containing the partial derivatives of
I';jx. Namely, consider the Taylor expansion of I';;x(y) at y = 0,

9 Tiji
ale . ayju y=0
@®)

is called an affine extension of T';j; of ordern = 1, 2, . ... The symmetry properties of A;j;, .. ;.
are evident from their definition (8); namely, they are (generalized) symmetric w.r.t. (jk) as
well as (ji, ..., ju). The set of all affine extensions of I';;; uniquely defines a symmetric
connection according to (8) and satisfy an infinite sequence of identities [14]. In the lowest
nontrivial orders they have the form

’

o0
1 . .
Liji(y) = E ;Aijkjl---j,,yj” <oy where Ay, = Aijkjy...j, (P) =
n=1 "

Aijrr + A (= DF 4+ Ay (= 1)@ = 0, )

Aijkam + Aijtim (= 1DF + Aigrjm (= DT 4 Ay (=10
+ At (= D) TEOETD 1 Ay, (=Dt enes — (10)

and

Aijklmn + Aijlkmn(_l)qel + Aikljmn(_l)ej(eﬁek) + Aijmkln(_l)sm«ﬁek)
+Ailmjkn(_1)(ej+ek)(6m+ez) + Aikmjln(_l)ej(em"'ék)"'smﬂ
+Aijnklm(_l)e,,(ez+ek+em) + Al_knj[m(_l)ej(en"'fk)"'en(el"'em)
+Ailnikm(_1)(€;+€k)(€n+61)+6m6u + Aimnikl(_1)(5/+€k+51)(5m+6u) =0. (11)
Analogously, the affine extensions of an arbitrary tensor T = (T" ! "'ikml...m,) on M are defined

as tensors on M whose components at p € M in the local coordinates (x!, ..., x*V) are given
by the formula

. . AT o,
T % o iy = T % oy o jy (0) =
! ! ! J1 ayjl e ay]n y=0
where (!, ..., y?") are normal coordinates associated with (x', ..., x?V) at p. The first

extension of any tensor coincides with its covariant derivative because F"jk(O) = 0 in normal
coordinates.

In the following, any relation containing affine extensions is to be understood as holding
in a neighbourhood U of an arbitrary point p € M. Let us also observe the convention that, if
a relation holds for arbitrary local coordinates, the arguments of the related quantities will be
suppressed. The order of relations is defined by the order of affine extension of I';x entering
in the relations.
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4. First- and second-order relations

For a given Fedosov supermanifold (M, w,I"), symmetric connection I' respects the
symplectic structure w:

wijk = Tije = T (1), (12)
Taking into account (12) and comparing (8) and the Taylor expansion for w;;  (y) we obtain
@ij kjr...jn 0) = Aijkjy..jy — Ajikjr...jy (1D (13)

Now, consider the symplectic curvature tensor R;jy; in the normal coordinates at p € M.
Then, due to I';jx(p) = 0, we obtain the following representation of the symplectic curvature
tensor in terms of the affine extensions of I'; j;:

Rijk(0) = —Ajju + Ajji (1), (14)

From (9) and (14) a relation containing the symplectic curvature tensor and the first affine
extension of I' can be derived. Indeed, the desired relation is obtained as follows,

Aijir = Tije(0) = =3 [Riju(0) + Ry (0) (= D% ], (15)

where the antisymmetry (3) of the symplectic curvature tensor was used.

Taking into account (13) and (14) the relation between the second-order affine extension
of symplectic structure and the symplectic curvature tensor follows. Indeed, using the Jacobi
identity (5), we obtain

@ij 1 (0) = Ajjir — Ajint (=159 = 5 Ry (0) (= 1) e e, (16)

Symmetry properties of Ry;;;(0) and w;;;(0) are in accordance with this relation.
The second-order affine extension of I';j; in terms of first-order derivatives of the
symplectic curvature tensor is given by the formula

Ajjrim = _é[zRijkl,m (0) + Rijim,1(0) (=) + Rigj m (0) (= 1)

* Ritjm.1 (0) (= 1) o Rigj 1 (0) (= D) exnt], an
Using (13) we get
@ijkim (0) = — £ [Rikj1.m (O) (= 1)% + Rigjm 1 (0) (= D)X 1 Ry 1 (0) (— 1) rHererrem)

= Rjtitn Q) (=1)% WD = Ry 1 (0) (— 1)1t

— Rjtim 1 (0) (= 1) (enrerraileiren] (18)

as the representation of the third-order affine extensions of w;; in terms of the first-order affine
extension of the symplectic curvature tensor. Identities for the first affine extension of the
symplectic curvature tensor have the form

Rt 1 (O (=174 — Ry 1 (0) (= )* D o+ Ry (0) (— 1))
= Rutir, j () (= 1)) = 0, (19)

and are derived from the representation (18) and the symmetry of w;x, ji. [14].
5. Third-order relations
Beginning with the third-order relations, we meet a new feature concerning representation

of affine extensions of the symplectic curvature tensor and the symplectic structure in terms
of affine extensions of connection. This feature is connected with nonlinear dependence
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in contrast with relations of the first and second orders. Indeed, from (4) the following
representation for the second-order extension of the symplectic curvature tensor can be derived,

Rijkl,mn(o) = _Aijklmn + Aijlkmn(_l)ekél + Nijklmnv (20)
where
Nijklmn = Tijklmn + Tijklnm(_l)snsm - Tijlkmn (_1)61(61 - Ejlknnz(_l)eké’+€”€m7 (21)
Tijklmn — ASl'kmAsjln(_1)€S€[+€k(€s+€j)+EWI(€Z+€j+€J) (22)

is quadratic in the first-order extension of connection. In (21) we used the notation
Al ju = 0P Apjg (=17 = =3[R 1 (0) + R (0)(=1)* ] (23)
From (22) the symmetry properties follow:

T iktmn = Titgjmn (— D EFED¥eE (24)
Tijk[mn = Tkjilmn(_l)ek(ei+€j)+6i€jv (25)
T;'jklmn = _Tjilknm(_1)€[€/+€A€/+emen' (26)

Taking into account the symmetry properties of A;jxm, and (20) we have
A[jklmn(_l)ékﬂ = Rijkl,mn(o) + Aijklmn — Nijklmn>
Aijmkln(_l)ekem = Rijkm,ln (0) + Aijkmln - Nijkmln = Rijkm,ln (0) + Aijklmn(_l)emel - Nijkmlm
Aijniam (=D* = Rijtn,im(0) + Aijknim — Nijknim
nHem€n
= Rijkn,lm (0) + Aijklmn(_l)el€ Emén — Nijknlms
A[kljmn(_l)é’gf = Rikjl,mn(o) + Aikjlmn - Nikjlmn = Rikjl,mn(o) + Aijklmn(_l)ejek - Nikjlmn»
Aikmjln(_l)emej = Rikjm,ln (0) + Aikjmln — Nikjmin
€+
= Rikjm,in(0) + Ajjrimn (= 1)* 7 — Nigimin,
Aiknjlm(_l)ejen = Rikjn,lm (0) + Aikjnlm - Nikjnlm
+ n Hl+
= Rikjn,lm (0) + Aijklmn(_l)ejek en(Enter) Nikjnlms
Ailmjkn(_l)ejem = Riljm,kn (0) + Ailjmkn — Niljmkn
i€1+€r
= Rifjm kn (0) + Ajjtimn (= DTN — Nyiien
j€rererteren
= Riljm,kn (O) + (Rijkl,mn + Aijklmn - Nijklmn)(_l)ejel ckerreren Niljmkns
Ailnjkm(_l)éjen = Rjljn,km (0) + Ailjnkm — WNiljnkm
€1 +HEREntEn €n
= Ritjnkm (0) + Ajjrkmn (= 1) TITEETmE — N
i€l ter € terEntEnE,
= Riljn,km (O) + (Rijkl,mn + Aijklmn - Nijklmn)(_l)ejel CRETEREnTEmEn Niljnkmv
Aimnjkl(_l)éjén = Rimjn,kl(o) + Aimjnkl - Nimjnkl
jEm+€r€n
= Rimjn,kl (0) + Aijmknl(_l)é/é Cen — imjnkl
Em+€rEm+ere,
= Ritjnkm (0) + (Rijkt,mn + Aijkimn — Nijiimn) (— 1) Tk EnTe&en — N o
Putting them into the identity (11) we obtain
v 1 (E€m+
10A;jkimn + 3Rijktmn + 2Rijiom in (=) + Rigjimn (= 1D + Rijin iy (= 1)@+
* Ritnim (= DS Ry gy (= DTS e Ry o (—1) 940
+ Riljn’km(_1)51(5k+€j)+€n(6k+5m) + Rimjn’kl(_1)5_f5m+(51+5k)(5n+€m) _ 3Nijklmn
+ €
— Nijkmin (=1 = Nijntm (= D@ — Nigjpy (= 1)
j€ktEm j€k+€n (Em+ j €1+ +em
— Nitjmin (=1 TEEPD — Ny (= 1T ECTD Ny, (— )R e
_ Niljnkm (_1)6:(6k+e,f)+en(ek+em) _ Nijkmill(_1)€1(6m+€”)
— Nimjnkl(_1)€/€m+(€z+€k)(5n+6m) =0.



6506 P M Lavrov and O V Radchenko

Therefore, we have the nonlinear representation of the third-order extension of affine
connection in terms of the symplectic curvature tensor:

1 m j n (€m+
Aijkimn = — 153 Rijitmn + 2Rijtom.in (=D + Rigjtmn (—1D% + Ryjin g (= 1) )
10
* Rin.im (= DS Ry gy (= DTS e Ry o (—1) 940
+ Riljn km(_1)61(€k+€j)+€u(€k+€m) + Rimjn kl(_1)5‘f5m+(51+5k)(5n+€m)
. .
—3Nijkmn — Nijtmin (=D = Nijtnim (= D — N (= 1)
(_1)ejek+emel (_l)ejek+e,l(em+el) _ Ni

€j€1+€LEIHERE
- Nikjmln - Nikjnlm (_1) JETeRE *

- Niljnkm (_1)6’(6k+€j)+6”(€k+€m) - Nijkmnl(_l)el(gm*—en)

_ Niminkl(_1)E_jer;1+(51+5k)(5n+frn)]‘ (27)
Taking into account the relation between affine extensions of the symplectic structure and
connection,

ljmkn

Wij klmn = Aijklmn - Ajiklmn (— l)éiei s
we derive the following formula for the fourth-order affine extension of the symplectic structure
in terms of the symplectic curvature tensor:

1 j i(exte; j€m ntem

Wijimn = — 15[ Rikjtmn (=D = Rkt mn (= 1)@ 4 Ry o (= 1) n e Caten)

_ ijin (= 1)6‘ (emte))Herer) (entem) 4 Rikjn m(— l)5j5k+€n (em+er)

- Rjkin,lm (_ I)Ei (Ee)ren(Enter) + Rikjm,ln (_ 1)€‘f€k+€m€’

_ Rjkim,ln (=S (extej)remer | Riljm,kn (_1)5/51+5k(51+5m)

(_1)ei(ez+ej>+€k(éz+em) +R (_l)el(5k+€j)+5n(5k+5nx)

- leim,kn iljn,km

(_1)Ei€j+51(€k+51)+€n(€k+€m) +R (_1)5f51)z+(€l+€k)(5n+€m)

- lein,km imjn,kl
= Rjpin pa (=) Emte@read@ren) — Ny (—1)9% 4 N jgitmn (= 1))

_ Nikjmln(_l)gjéwemel + Njkimln(_1)6;(ek+e/-)+eme/ _ Nikjnlm(_l)ejek+e,,(em+e/)
+Njkinlm (_1)ei(ek+ej)+en(sm+el) _ Niljmkn(_1)ejel+ek(el+em)

+leimkn (_l)e,»(el+e‘,v)+ek(el+em) _ Niljnkm(—1)€[(€k+€j)+€”(€k+em)

+leinkm (_l)eiej+e,(ek+e,-)+en(ek+em) _ Nimjnkl(_l)e_fem+(61+ek)(en+e,,,)

+ ijinkl(_1)e,»(ej+e,,,)+(e,+ek)(e,,+em)]. (28)

We have already found that symmetry properties of the third-order affine extension of
symplectic structure expressed in terms of the symplectic curvature tensor (18) led to the
new identity (19) for the curvature tensor. A natural question appears: are there some new
identities containing the second-order affine extension of the symplectic curvature tensor as
consequences of the representation (28) and symmetry properties,

Wij klmn — wij.lkmn(_l)EkEI = 0’
of the fourth-order affine extension of the symplectic structure? We shall prove that the answer
is negative. Indeed, using the symmetry properties of R;jx; (2) and T;jimn (24)—(26) we have

0= Wjj kimn — a)ij,lkmn(_l)Ekel = [Rikjl,mn + Rlikj,mn(_1)61(6i+€j+6k)
+ Rkjli,mn (_ 1)61 (ej+eter) + leik,mn (_ 1)(€i+€k)(€j+gl)](_ I)Gjek
= [Rikj + Riigj (— 1T IO 4 Ry (— 1)t
+ R jjip (= D) RG] (1) (29)
Due to the identity (6) the relations (29) are satisfied identically and there are no new identities
containing the second-order affine extension of the symplectic curvature tensor.

In a similar way, it is possible to find relations containing higher order affine extensions
of symplectic structure, connection and the symplectic curvature tensor.
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6. Higher order relations in general coordinates

Note that relations (15), (16), (18), (17), (27), (28) were derived in normal coordinates. It
seems to be of general interest to find its analogue in terms of arbitrary local coordinates
(x) because a connection is not a tensor while the rhs of (15) is the tensor. It means that
the lhs of (15) should be a tensor G;jy; taking the form I';j; ;(0) at point p € M in normal
coordinates. In normal coordinates, the covariant derivative has the form of the usual partial
one, but simple identification of G;jy; with covariant derivative I';jx.; is wrong because it does
not transform according to tensor rules. Indeed, under the change of coordinates (x) — ()
I;ji are transformed according to the rule:

_ arxr 8"xq €r(ej+ey) 3,,2)6‘1 arxp (ex+€j)(€i+€p)
Fijk(}’) = (qur(x)a—yk ayf (=1 +wpq(x)W ayi (=1 . (30)

Using (30) it is easy to find the relation between derivatives of affine connection at point p in
normal coordinates and arbitrary ones:

Fijk1(0) = Tyjg(x0) — %Xijkl(x0)~ 3D

Therefore, we have the representation of tensor G;jy; in terms of partial derivatives of the
affine connection

Giju(x) = [Tijrs — %Xijkz] (x). (32)
In (31), (32) the notation

Xijer = Tijes + Tiji (1) + Tigg j (= 1) $TD9 42T, 5 Ty (— D reneren
_ Fnjlrnik(_ l)(€j+€1)(€i+€,l)+€k€1 _ Fnklrnij (_ l)(€k+61)(6,‘+6,,+éj) (33)

is used.
Now we can find some relations of the first order (15), (16) in arbitrary coordinates:

Tijes — 3+ Xijki = — 3 [Riju + Rigjs(=1)%], (34)
wijk — 3Xijie — Xjin(=1)99) = § Ry (=D, (35)

The difference of X in (35) is symmetric w.r.t. two last indices because of the property

Xijik = Xijp (= 1) = 3[ [y T g (= 1) T Ty Ty (— 1) e (aranrad ]
— _3[Fnikrnjl(_1)6"(6'4—6”%/‘(6/%/) + Fnjkl—wnil(_1)e,,(ek+s/)+ek(e;+e/)+e,»e/].
(36)

It is obvious that in general coordinates the identity (19) has the form

Rinjitt (= D9 — Ryijtae (= D)H D Ry (=1 4D — Ry (1)) = 0.
37)

It is not difficult to check that relation (18) can be derived from (35) written in normal
coordinates by differentiation w.r.t. y and then putting y = 0. Moreover, all higher order
relations can be obtained as coefficients of the Taylor expansion of generating functions
3Fiji = 3wiju — (Xijr — X jir (— 1)) — Rygi; (—1)@+)@*<) = O which are considered in
normal coordinates.
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7. Discussion

We have considered properties of Fedosov supermanifolds. Using normal coordinates on a
supermanifold, we have found relations up to the third order among the affine extensions of
connection and the symplectic curvature tensor, the affine extensions of symplectic structure
and the symplectic curvature tensor as well as identities for the symplectic curvature tensor.
Considering relations of the third order, it was checked that there are no new independent
identities containing the second-order (covariant) derivatives of the symplectic curvature
tensor. In fact the identities (5), (6), (37) together with the (super-)Bianchi identity,
Rumji:i (= D) + Ry i (= 1) + Ry j (= 1)k = 0, describe all independent ones existing
in symplectic geometry for the symplectic curvature tensor. It was shown that the tensor G; jx;
is very important to obtain the relations in general local coordinates. In fact, equations (35)
should be considered as the fundamental ones to derive all higher order relations. Note that
the tensor of such kind is not specific for symplectic geometry only and can be introduced in
both affine and Riemannian geometries.
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