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Abstract

The theory of locally anisotropic superspaces (supersymmetric generaliza-
tions of various types of Kaluza—Klein, Lagrange and Finsler spaces) is laid
down. In this framework we perform the analysis of construction of the su-
pervector bundles provided with nonlinear and distinguished connections and
metric structures. Two models of locally anisotropic supergravity are proposed

and studied in details.
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1 Introduction

Differential geometric techniques plays an important role in formulation and mathe-
matical formalization of models of fundamental interactions of physical fields. In the
last twenty years there has been a substantial interest in the construction of differen-
tial supergeometry with the aim of getting a framework for the supersymmetric field
theories (the theory of graded manifolds [1-4] and the theory of supermanifolds [5-9]).
Detailed considerations of geometric and topological aspects of supermanifolds and
formulation of superanalysis are contained in [10-16].

Spaces with local anisotropy are used in some divisions of theoretical and mathe-
matical physics [17-20] (recent applications in physics and biology are summarized in
[21,22]). The first models of locally anisotropic (la) spaces (la—spaces) have been pro-
posed by P.Finsler [23] and E.Cartan [24]. Early approaches and modern treatments
of Finsler geometry and its extensions can be found in [25-30]. We shall use the gen-
eral approach to the geometry of la—spaces, developed by R.Miron and M.Anastasiei
[26,27], as a starting point for our definition of superspaces with local anisotropy and
formulation of la—supergravitational models.

In different models of la—spaces one considers nonlinear and linear connections
and metric structures in vector and tangent bundles on locally isotropic space-times
((pseudo)-Riemannian, Einstein—Cartan and more general types of curved spaces with
torsion and nonmetricity). It seems likely that la—spaces make up a more convenient
geometric background for developing in a selfconsistent manner classical and quantum
statistical and field theories in non homogeneous, dispersive media with radiational,
turbulent and random processes.In [31-35] some variants of Yang—Mills, gauge gravity
and the definition of spinors on la—spaces have been proposed. In connection with
the above mentioned the formulation of supersymmetric extensions of classical and
quantum field theories on la—spaces presents a certain interest

In works [36-38] a new viewpoint on differential geometry of supermanifolds is
discussed. The author introduced the nonlinear connection (N—connection) structure
and developed a corresponding distinguished by N—connection supertensor covariant
differential calculus in the frame of De Witt [5] approach to supermanifolds, by consid-
ering the particular case of superbundles with typical fibres parametrized by noncom-
mutative coordinates. This is the first example of superspace with local anisotropy.
But up to the present we have not a general, rigorous mathematical, definition of
locally anisotropic superspaces (la—superspaces).

In this paper we intend to give some contributions to the theory of vector and tan-
gent superbundles provided with nonlinear and distinguished connections and metric
structures (a generalized model of la—superspaces). Such superbundles contain as
particular cases the supersymmetric extensions of Lagrange and Finsler spaces. We
shall also formulate and analyze two models of locally anisotropic supergravity.

The plan of the work is the following: After giving in Sec. 2 the basic terminology
on supermanifolds and superbundles, in Sec. 3 we introduce nonlinear and linear
distinguished connections in vector superbundles. The geometry of the total space of
vector superbundles will be studied in Sec. 4 by considering distinguished connections
and their structure equations. Generalized Lagrange and Finsler superspaces will
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be defined in Sec. 5. In Sec. 6 the Einstein equations on the la—superspaces are
written and analyzed. A version of gauge like la—supergravity will be also proposed.
Concluding remarks and discussion are contained in Sec. 7.

2 Supermanifolds and Superbundles

In this section we outline some necessary definitions, concepts and results on the
theory of supermanifolds (s-manifolds) [5-14].

The basic structures for building up s—manifolds (see [6,9,14]) are Grassmann
algebra and Banach space. Grassmann algebra is considered a real associative algebra
A (with unity) possessing a finite (canonical) set of anticommutative generators /34,
Ba,Bsl, = BaiBe + BaBa = 0, where A,B,..=1,2,...,L. This way it is defined a
Zy-graded commutative algebra Ag+ A7, whose even part Ag (odd part A;) represents
a 2E¢~!1-dimensional real vector space of even (odd) products of generators 3 - After
setting Ag = R + Ay’, where R is the real number field and Ay’ is the subspace of
A consisting of nilpotent elements, the projections ¢ : A — R and s : A — Ay’ are
called, respectively, the body and soul maps.

A Grassmann algebra can be provided with both structures of a Banach algebra
and Euclidean topological space by the norm [6]

€]l = £ 4,lat A%, € = Sigatt A By .y
A superspace is defined as a product

A™MF = Agx...xAg XAy X...x Ay

n k

This represents the A-envelope of a Z,-graded vector space V' = VoV, = R*@RF,
which is obtained by multiplication of even (odd) vectors of V' by even (odd) elements
of A. The superspace (as the A-envelope) posses (n + k) basis vectors {3, i =
0,1,..,n—1, and fS;, ;i = 1,2,..k}. Coordinates of even (odd) elements of
V™E are even (odd) elements of A. On the other hand, a superspace V™* forms a
(2E=1)(n + k)-dimensional real vector spaces with a basis {Bi(A), 5%(1\)}-

Functions of superspaces, differentiation with respect to Grassmann coordinates
,supersmooth (superanalytic) functions and mappings are defined by analogy with
the ordinary case, but with a glance to certain specificity caused by changing of real
(or complex) number field into Grassmann algebra A. Here we remark that functions
on a superspace A™* which takes values in Grassmann algebra can be considered as

mappings of the space R+ into the space R2L. Functions being differen-
tiable with regard to Grassmann coordinates can be rewritten via derivatives on real
coordinates, which obey a generalized version of Cauchy-Riemann conditions.

A (n, k)-dimensional s-manifold M is defined as a Banach manifold (see, for exam-
ple, [39]) modelled on A™* endowed with an atlas ¢ = {U), 1) : Uy — A™, (i) €
J} whose transition functions ;) are supersmooth [6,9]. Instead of supersmooth
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functions we can use G*°-functions [6] and define G*°-supermanifolds (G*° denotes
the class of superdifferentiable functions). The local structure of a G*°-supermanifold
can be built very much as on a C*°-manifold. Just as a vector field on a n-dimensional
C*>-manifold can be expressed locally as

13}
oxt’
where f; are C°°-functions, a vector field on an (n, k)-dimensional G*°-supermanifold

M can be expressed locally on an open region UCM as

. 0
21:3+k fl(x‘])@ =

Sty fila?)

! or?
where © = (2,0) = {2 = (5:’,8’)} are local (even, odd) coordinates. We shall use
indices I = (i,1),J = (j,7), K = (k, k), ... for geometric objects on M. A vector field

on U is an element X CEnd[G*(U)] (we can also consider supersmooth functions
instead of G*°-functions) such that

X(fg) = (Xf)g+ ()X rxg,

for all f,g in G*(U), and

X(af) = (=) X,
where |X| and |a| denote correspondingly the parity (= 0, 1) of values X and a and
for simplicity in this work we shall write (f)m‘x| instead of (fl)m‘X'.

A super Lie group (sl-group) [7] is both an abstract group and a s-manifold,
provided that the group composition law fulfils a suitable smoothness condition (i.e.
to be superanalytic, for short,sa [9]).

In our further considerations we shall use the group of automorphisms of A
denoted as
GL(n,k,A), which can be parametrized as the super Lie group of invertible matrices

A B
where A and D are respectively (nxn) and (kxk) matrices consisting of even Grass-
mann elements and B and C are rectangular matrices consisting of odd Grassmann
elements. A matrix @ is invertible as soon as maps cA and oD are invertible
matrices.A sl-group represents an ordinary Lie group included in the group of lin-
ear transforms GL(2L=1(n + k),R). For matrices of type Q one defines [1-3] the
superdeterminant,sdet(), supertrace, str@, and superrank,srank@).

One calls Lie superalgebra (sl-algebra) any Zs-graded algebra A = Ay @ A; en-
dowed with product [, } satisfying the following properties:

(k)

1.1y = —(=)"" Iy,
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L[,y = (LT 17+ ()M, 1y,

IeAy, I'€Ajp, where |I],|I'| = 0,1 enumerates, respectively, the possible parity
of elements I,I’. The even part Ay of a sl-algebra is a usual Lie algebra and the
odd part A; is a representation of this Lie algebra.This enables us to classify sl—
algebras following the Lie algebra classification [40]. We also point out that irreducible
linear representations of Lie superalgebra A are realized in Zs-graded vector spaces

. A 0 B
by matrices ( 0 D C o0 ) for odd elements and that,

roughly speaking, A is a superalgebra of generators of a sl-group.

An sl-module W (graded Lie module) [7] is a Za-graded left A-module endowed
with a product [, } which satisfies the graded Jacobi identity and makes W into a
graded-anticommutative Banach algebra over A. One calls the Lie module G the set
of the left-invariant derivatives of a sl-group G.

) for even elements and

One constructs the supertangent bundle (st-bundle) TM over a s-manifold M,
7m:TM — M in a usual manner (see, for instance,[39]) by taking as the typical fibre
the superspace A™* and as the structure group the group of automorphisms, i.e. the
sl-group GL(n, k, A).

A s-manifold and a st-bundle 7'M may be represented as a certain 2771 (n + k)-
dimensional real manifold and the tangent bundle over it whose transition function
obey the special conditions of Cauchy-Riemann type.

Let us denote € a vector superspace (vs-space) of dimension (m, ) (with respect
to a chosen base we parametrize an element y € € as y = (4,¢) = {y* = (y*,¢%)},
where a = 1,2,...,m and @ = 1,2, ...,1). We shall use indices A = (a,a), B = (b, B),
for objects on vs-spaces. A vector superbundle (vs-bundle) £ over base M with total
superspace F, standard fibre F and surjective projection g : E—M is defined (see
details and variants in [11,16]) as in the case of ordinary manifolds (see, for instance,
[39,26,27]). A section of £ is a supersmooth map s : U—FE such that ng-s = idy.

A subbundle of € is a triple (B, f, f'), where B is a vs-bundle on M, maps
f: B=FE and f' : M—M are supersmooth, and (i) wgof = flomp; (ii) f :
75t (x)—ng of (x) is a vs-space homomorphism.

‘We denote by u = (z,y) = (£,6,4,¢) = {u* = (e/,y") = (@&,0",5°,¢") =
(&%, 2%, 9% y*)} the local coordinates in £ and write their transformations as

ol =2t (z!) srank(ai[l) = (n, k) (1)
- Y 83;1 - ) )

yA = M4 (2)y?, where M4 (z)eG(m, 1, A).

For local coordinates and geometric objects on ts-bundle TM we shall not dis-
tinguish indices of coordinates on the base and in the fibre and write, for instance,
u = (x’y) = (i‘vevga C) = {u(x = (xlvyl) = (‘ii’ 9%’:&1’ Ci) = (i,z7xz7gz7y%)}

Finally, in this section, we remark that to simplify considerations in this work we
shall consider only locally trivial super fibre bundles.
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3 Nonlinear Connections in Vector Superbundles

The concept of nonlinear connection (N-connection) was introduced in the framework
of Finsler geometry [24,41,42].The global definition of N-connection is given in [43]. In
works [26,27] nonlinear connection structures are studied in details. In this section we
shall present the notion of nonlinear connection in vs-bundles and its main properties
in a way necessary for our further considerations.

Let us consider a vs-bundle & = (E,7g, M) whose type fibre is F and 77 :
TE—TM is the superdifferential of the map 75 (77 is a fibre-preserving morphism of
the st-bundle (T'E, 75, M) to E and of st-bundle (T'M, 7, M) to M). The kernel of this
vs-bundle morphism being a subbundle of (T'E, 75, E) is called the vertical subbundle
over £ and denoted by VE = (VE, 1y, E). Its total space is VE = Vu,  where
V. = kern™, wu€f. A vector

uel

0 0 0
V=Y"—— =Y 4V~ =

Ou> 8:EI+ oy4
yid yid ye @ L ya

ox’ o0 dy* aca

tangent to £ in the point u € £ is locally represented as
(u,Y) = Y*) = (@' y", Y, Y4 =
CNNNSR ER ER AR )

Definition 1 A nonlinear connection, N-connection, in sv-bundle £ is a splitting on
the left of the exact sequence

0—VE 1 TE—TE |V E—Q, (2)
i.e. a morphism of vs-bundles N : T € V& such that Noi is the identity on V&.
The kernel of the morphism N is called the horizontal subbundle and denoted by
(HE,7g, E). From the exact sequence (2) one follows that N-connection structure
can be equivalently defined as a distribution {E,, — H,F,T,F = H,F®V,E} on E
defining a global decomposition, as a Whitney sum,
TE =HE+VE. (3)

To a given N-connection we can associate a covariant s-derivation on M:

oy 4
ox!

vxY = XY +Ni'(z,Y)}sa, (4)

where s 4 are local independent sections of £, Y = YAs4 and X = X's;.
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S-differentiable functions N7 from (4) written as functions on 2! and y*, N (z,v),
are called the coefficients of the N-connection and satisfy these transformation laws
under coordinate transforms (1) in &:

/81‘1/ ’ oM ' x
Nt G = M - Sy

If coeflicients of a given N-connection are s- differentiable with respect to coor-
dinates y we can introduce (additionally to covariant nonlinear s-derivation (4)) a
linear covariant s-derivation D (which is a generalization for sv-bundles of the Berwald
connection [44]) given as follows:

. 0 p 0 - )

D(ﬁ)(ayﬁ) = NAI(ayiB)v D(%%)(%T) =0,
where ONA(z.1)
S N 1\Z, Y
N§1($79) = %73 (5)
and
A _
NBC(x7y) =0.
For a vector field on £ Z = Zla%l + YAayiA and B = BA(y)ayLA being a section

in the vertical s-bundle (VE, 7y, E) the linear connection (5) defines s-derivation
(compare with (4)):

oB* 8BA] 9

Ox! OyB oyt

Another important characteristic of a N-connection is its curvature:

DyB = [Z%( + N#BP)+Y?8

1 0
Q= §Q?Jdl‘l A dJ?J ® 837‘

with local coefficients

NG ()l ON#
oz’ ox!

where for simplicity we have written (f)lKHJ| = (f)‘K‘”.

We note that linear connections are particular cases of N-connections, when N fl(x, Y)
are parametrized as N7 (v,y) = K#,(v)z'y®?, where functions K#;(z), defined on M,
are called the Christoffel coefficients.

Q) = +NIBN§J_(_)|IJ|N§;Néb

4 Geometry of the Total Space of a Sv-Bundle

The geometry of the sv- and st-bundles is very rich.It contains a lot of geometrical
objects and properties which could be of great importance in theoretical physics. In
this section we shall present the main results from geometry of total spaces of sv-
bundles.In order to avoid long computations and maintain the geometric meaning the
notion of nonlinear connections will systematically used in a manner generalizing to
s-spaces the classical results [26,27].
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4.1 Distinguished tensors and connections in sv-bundles

In sv-bundle £ we can introduce a local basis adapted to the given N-connection:

) 0 7]
da Suc (51 Sl Or I (I, y) 8yA ) aA)a (6)
where 0r = % and 04 = 8%‘ are usual partial s-derivations. The dual to (6) basis
is defined as
0% =du” =
(67 = 62" = dx’ 6% = 6y = dy? + N (x,y)dz"). (7)

By using adapted bases (6) and (7) one introduces algebra DT'(E) of distinguished
tensor s-fields (ds-fields, ds-tensors, ds-objects) on £, 7 =TI, which is equivalent
to the tensor algebra of sv-bundle my : HEDVE—E, hereafter briefly denoted as &;.

An element Qe7TP" | ds-field of type ( ]; Z >, can be written in local form as

qs v

L. I,A;. A,
Q= lelquBlmBs(x,y)éh ®...®4d, Rdr" ®...®

dz’t @04, ®...®04, @yP' @ ... @ dyP. (8)

In addition to ds-tensors we can introduce ds-objects with various s-group and
coordinate transforms adapted to global splitting (3).

Definition 2 A linear distinguished connection, d- connection, in sv- bundle £ is a
linear connection D on & which preserves by parallelism the horizontal and vertical
distributions in £.

By a linear connection of a s-manifold we understand a linear connection in its
tangent bundle.

Let denote by Z(M) and Z(£), respectively, the modules of vector fields on s-
manifold M and sv-bundle £ and by F(M) and F(&), respectively, the s-modules of
functions on M and on £.

It is clear that for a given global splitting into horizontal and vertical s-subbundles
(3) we can associate operators of horizontal and vertical covariant derivations (h- and
v-derivations, denoted respectively as D™ and D(”)) with properties:

DxY = (XD)Y = DypxY + D,xY,

where
DWy =D,xy, DW= (hX)f

and
DYY = D,xY, DY f=(X)f,

for every f € F(M) with decomposition of vectors X, Y € Z(€) into horizontal and
vertical parts, X = hX +vX and Y =hY +0Y.
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The local coefficients of a d- connection D in £ with respect to the local adapted
frame (6) separate into four groups. We introduce local coefficients (L! ;¢ (u), L g (u))
1) 0

=L —

JK (U) (SIEI )
0 0

(h) _TA
D ==L BK(U)%ﬁ,

of D™ such that

and local coefficients (C! ;¢ (u), CApc(u)) such that

5 (U) 3 A 8
— C ,
BC A

(v) i o~ s
D2 ) dx =c Jc(u)&c[’ (o) oyB

(3,0
w ,_ Of
-D( el ).ff 8yc7

ay©

where f € F(&). The covariant d-derivation along vector X = X7 % + YAayiA of a

ds-tensor field @Q of type ( 2) Z >, see (8), can be written as

DxQ=DPQ+DYq,

where h-covariant derivative is defined as
DYQ = XKQUL 8:0040de’ @5y,

with components

§ IA
1A JB I HA | 1A ic H 1A c 1A
JBIK = 5K + L ukQip + L cxWip — L7 jxkWis — L™ Bk Wje,

and v-covariant derivative is defined as
DY'Q = XCQifh obr0dawda’ ©5y”,

with components
IA Qs I HA | ~A D H _AIA D A
JB1C = g0 +C neQys +CpcQyp —C" ycQup — C BcQyp

The above presented formulas show that

DI = (L,L,C,C) =

(L jk (u), L g (), CF ya(u), C* po(u))



206 S.1. Vacaru and N.A. Vicol

are the local coefficients of the d-connection D with respect to the local frame ( %, %)
If a change (1) of local coordinates on & is performed, by using the law of transfor-
mation of local frames under it

( 0o = (61a8A) O = (61’7614’)’ (9)

where
ox’t
- ozl

we obtain the following transformation laws of the local coefficients of a d-connection:

5]/ 5[, 8,4/ = Mf/(x)aA ),

v B ozl 9z’ 9z oxl Pak (10)
K= 00T g7 9K TE T 9K 9z 92K
’ ’ aIL’K /8MC/
LA B'K!' = MA Mg/WLABK +Mé ng’
and p p
/ ox! Oz / ,
CJ’C/ = WWMg’CIJC7C§’C’ = MA Mg/Mg/CABC.

As in the usual case of tensor calculus on locally isotropic spaces the transformation
laws (10) for d-connections differ from those for ds-tensors, which are written (for
instance, we consider transformation laws for ds-tensor (8)) as

foa..  Ozh A Oah
QU = S MAT S ME Qe

We note that defined distinguished s-tensor algebra and d-covariant calculus in sv-
bundles provided with N-connection structure is a supersymmetric generalization of
the corresponding formalism for usual vector bundles presented in [26,27]. To obtain
Miron and Anastasiei local formulas we have to restrict us with even components of
geometric objects by changing, formally, capital indices (I, J, K, ...) into (4,7, k, a, ..)
and s-derivation and s-commutation rules into those for real number fields on usual
manifolds. For brevity, in this work we shall omit proofs and cumbersome computa-
tions if they will be simple supersymmetric generalizations of those presented in the
just cited monographs.

4.2 Torsion and curvature of the distinguished connection in
sv-bundle

Let &€ = (E,7g, M) be a sv—bundle endowed with N-connection and d-connection
structures. The torsion of d-connection is introduced into usual manner:

T(X,Y)=[X,DY}—[X,Y}, X, YCE(M).

The following decomposition is possible by using h— and v—projections (associated to
N):
TX,Y)=T"hX,hY)+ T(hX,vY) + T(vX,hX) 4+ T(vX,vY).
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Taking into account the skewsupersymmetry of T and the equation h[vX,vY} = 0 we
can verify that the torsion of a d-connection is completely determined by the following
ds-tensor fields:

RT(hX,hY) = [X(D™Wh)Y} — h[hX,hY},
vT'(hX,hY) = —v[hX,hY },
hT(hX,vY) = —D{ hX — h[hX,vY},
vT(hX,vY) = DWvY — v[hX, oY},
vT(vX,2Y) = [X(DW)Y} — v[uX,vY},

where X,Y € E(€). In order to get the local form of the ds-tensor fields which
determine the torsion of d-connection DI" (the torsions of DI') we use equations

5§ 5. . 0

[633J’ 5xK} =R T gy A
where M N
ONE NG
Sz ox’
0 ot o
ozt oyAt  oyB oyA’

A
Ry =

and introduce notations

5 ) ) ) 5 - 0
T(— —) =T jx—, I (—,—) =T — 11
(5:1:K’(5;EJ) IR el Y (5,’EK76$J) TK gyA” (11)

g 0., 5 O a 6 . A 0
T(ayﬁ»@)— JB 5T UT(@a(SQTJ)— JBayA’

o 0 A 0
T oym aym) =5 g

Now we can compute the local components of the torsions, introduced in (11),
with respect to the frame (%, 6%), of a d-connection DI' = (L, L,C,C) :

T yx =L yx — ()L ey, The = Ry, Plp = Oy, (12)
_ NG
= 0y
The even and odd components of torsions (12) can be specified in explicit form by

using decompositions of indices into even and odd parts (I = (i, E), J=(4,7),..), for
instance,

P4p —LAgs, S%c=C%c - (—)P%CA05.

Tijk:Lijk—Likj, lel‘c:szfg‘f‘Ll’%j,

Tjk:ij—ij,.‘

il
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and so on.
Another important characteristic of a d-connection DT is its curvature:

R(X,Y)Z = Dix Dy — Dix y1Z,
where XY, Z € E(F). By using h- and v-projections we can prove that
vR(X,Y)hZ =0, hR(X,Y)vZ =0 (13)

and
R(X,Y)Z =hR(X,Y)hZ + vR(X,Y)vZ,

where X,Y, Z € Z(F). Taking into account properties (13) and the equation

R(X,Y) = —(—)lXYlR(Y7 X) we prove that the curvature of a d-connection D in the
total space of a sv-bundle £ is completely determined by the following six ds-tensor
fields:

R(hX,hY)hZ = (DY DY) = DX 1y = Dy )12, (14)
R(hX,hY)Z = (DY DY) = D vy = Dk iy 2,
R(uX, hY)hZ = (DYDY = Dt vy = Diskowy )2,
R(wX, hY)0Z = (DYDY = D% vy = Dk vy V2,
R@WX,vY)hZ = (DY DY) = D v ))h2,

R(uX, 0¥ )oZ = (DR/DY) = D 13107,

h h (h) ~(h XY h h
h v h v XY v h
and

v h v h XY h v
DYDY = DYDY — (=) DI DY,

We introduce the local components of ds-tensor fields (14) as follows:
R(0k,0,)6n = R jid1,  R(0k,6,)08 = R jx0a, (15)

R(9c,0k)05 = Piicdr, R(dc,0x)0p = P k0,
R(3c,08)0; = S} pcdr, R(Op,dc)0s = S cpda.

Putting the components of a d-connection DI' = (L, L, C, C) in (15), by a direct com-
putation, we obtain these locally adapted components of the curvature (curvatures):

Ry’ i = 5KLIHJ—(—)|KJ|5JLIHK+LMHJLIMK—(—) KT EM e L p g+ C g aRA sk,

R i = 5KLABJ—(—)lKJl5JLABK+LCBJLACK—(—)‘K‘”LCBKLAKJ-FCABCRCJK,
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Pilpes =0aL! jic — Clyar +C PP 4, (16)
Pp’ o =0cLpx — C oy + C*spPP ke,
Stpe=00C 5 — (—)BCopC! ;o + CH 1 5C o — (_)‘BCICHJCCIHBa
Sptep = 0pCApc — (-)P'0cC4 5 + CPpeChpp — (=) PICP 5 pCA e

We can also compute even and odd components of curvatures (16) by splitting
indices into even and odd parts, for instance,

Ry' sk = 0kLipj — 8;L g + L™ i L g, — L™ i L g + C'ha R i,
Ry’ = 6, L ng + 6L i+ L7 g L+ L i Loy + Cra R 5

(we omit the formulas for the rest of even—odd components of curvatures because we
shall not use them in this work).

4.3 Bianchi and Ricci Identities for d-Connections in
SV-Bundles

The torsion and curvature of every linear connection D on sv-bundle satisfy the
following generalized Bianchi identities:

Y DxT)Y,2) = R(X,Y)Z + T(T(X,Y), Z)] = 0,
SC

> U(DxR)(U,Y, 2) + R(T(X,Y)Z)U] =0, (17)
sC

where ) ¢ means the respective supersymmretric cyclic sum over X,Y, Z and U. If
D is a d-connection, then by using (13) and

v(DxR)(U,Y,hZ) =0, h(DxR(U,Y,vZ)=0,
the identities (17) become

Z (W DxT)Y,Z) - hR(X,Y)Z +hT(hT(X,Y),Z) + KT (vT(X,Y), Z)] =0,
sc

S W(DXT)(Y, Z) = vR(X,Y)Z +vT(hT(X,Y), Z) + vT (T (X,Y), Z)] = 0,
SC
ST DX R)(U,Y, Z) + hR(hT(X,Y), Z)U + hR(wI(X,Y), Z)U] = 0,
sC
S [w(DxR)(U,Y, Z) + vR(WNT(X,Y), Z)U + vRWT(X,Y), Z)U] =0.  (18)
sC

In order to get the local adapted form of these identities we insert in (18) these
necessary values of triples (X,Y,Z),( = (ds,0k,01), or (Op,0¢c,0B),) and putting
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successively U = 0y and U = 94. Taking into account (11),(12) and (14),(15) we
obtain:

S Tk +TY kT aar + Ry Cla — Ry ) = 0,

SCIL,K,J}
> Rk +TY kR uy + RP jx P pp) =0, (19)
SCIL,K,J}
Clrpk — (_)lJchlKBL] — T kg + CM T enr — (=) KICM Ty +

T ;xCl g + PP ypClip — ()PP 5Ol yp + Pyl g — ()™ P 5 = 0,
PA g1k — (*)‘KJ‘PAKBU — Rk +CM R kn — (=) K CM g RA j 0+

T ;P2 yp + PP jpPAkp — (-)lKJIPDKBPAJD — RP kS + RE ;= 0,

Clipic— (_)chlclJCJ_B +CM ;60 g — (_)lBC|CMJBCIMC+
SPpcClyp — Sfpe =0,
A _ (_\IBCIpa A M A _(_\IBC| M A
P ypic— (=)' P o1+ 9"y + CV yjc P up — (=) 'CY P o+

PP pStcp — (_)|CB|PDJCSABD + 8P o PAyp + Pty — (‘)lCBlpcAJB =0,

Z (SAscip + ST peSApr — Sp?ap] =0,

SC[B,C,D}

Z R’ i = TV moRi s — RA P 4] =0,
SCIH,J,L}

Z [RﬁHJ\L - TMHJRB‘.LM - RCHJPDALC] =0,
SC[H,J,L}

P ypi1 — (—)‘LJ‘PRI-LD\J +Ri" Ly +CMipRic! jar — (4)1CM jpRi -
T L P vp + PApPl 0 — () PAp Py — RA 1S 4 =0,
P’ ypip - (*)‘LJlPCALD\J + R4 L0+ CMpRe™ ju — ()1CM ) pReA i~
™ ;1 P’ yip + PY LpPe® jp — ()M PP pPe? L — RY 518 pp = 0,

Pl ipic— ()PP cp+ SKIDC\J +CMp P e — ()1 CPIeM ;o B+
PA 1St pa— (D)PIPA pSitoa + SAcpPi 4 =0,
PBAJDJ_C_(_)‘CD‘PBAJCJ_D+SBAC’D\J+CMJDPBAMC_ ()ICPIeM ;o Pp o+
PP 1085 pr — ()PP 15 Sp2 o + ST opPe? yp = 0,

> [Sk'Beip —S5BcSik pal =0,
SC[B,C,D}
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> [Sr'soip — S¥BcSr pEl =0,
SC[B.C,D}

where, for instanse, Y scip,c,p} means the supersymmetric cyclic sum over indices
B,C,D.

Identities (19) can be detailed for even and odd components of d-connection,
torsion and curvature and become very simple if 77 ;5 = 0 and S4pc =0, .

As a consequence of a corresponding arrangement of (14) we obtain the Ricci
identities (for simplicity we establish them only for ds-vector fields, although they
may be written for every ds-tensor field):

h h h
DY DY)hZ = R(WX, hY)hZ + Dy j 3y hZ + Dy oy hZ, (20)

@) pW gy (h) (v)
DY DY)hZ = R(vX, hY)hZ + Diy% 3y hZ + Dk jyy b2,

DYDYz = RwX,vY)hZ + D). hZ

x Pyy [vX,wY}
and
D[()}?Dg’h})vz = R(hX,hY)vZ + D[(:;(,hY}UZ + D[(;:;(,hY}vZ7 (21)
DY D{vZ = R(wX,hY WZ + D%,y \vZ + D v 72,
DYDY 7 = R(uX,vY)WZ + D' yy0Z.
Considering X = XI(U)% + X4 (u)ay% and taking into account the local form of

the h- and v-covariant s-derivatives and (11),(12),(14),(15) we can express respectively
identities (20) and (21) in this form:

X4k — (—)lKL‘XA|L|K =R g XP — TH e, X4 5 — RP k1 X% 15,
X'ip— (_)‘KD‘XILDU( = P p X" = CHp Xy — PAp X! 14,
X ipio— ()X cip =S8 pe X — S e X 4
and
X4k — (—)lKL‘XA|L|K = Rp? g XP — T e, X4 5y — RP k1 X 1,
XYk — (—)‘BKIXAJ_BU( =P ke X9 — CHp Xy — PP kX b,

X4 pic— <_)|CB|XAJ_CJ_B =Sp?peXP —SPpcoX4 p.



212 S.1. Vacaru and N.A. Vicol

4.4 Structure Equations of a d-Connection in a VS-Bundle
Let, for instance, consider ds-tensor field:
t = th 6,064
We introduce the so-called d-connection 1-forms w! and &% as
Dt = (Dt})6; 264

with
Dt}y = dt}y +wjth —oFth =t ;dz’ + | poy”.

For the d-connection 1-forms of a d-connection D on & defined by wl and & one
holds the following structure equations:

d(dy — d" Awl = -0,
d(6?) — 68 naods = —Q4,
dw? — Wl ANl = —F,
dog — o5 Ao = -Q8,

in which the torsion 2-forms O and Q4 are given respectively by formulas:

1 1
0 = 5TIJKdJ AdE + §CIJKd~’ A6,

. 1 1 1
Q4 = 5RAJKdJ ANdE + 5PAJCdJ ASC + §SABC¢SB ASC,

and ) ) )

- 1~ 1 1

Qf = 5R;g,“_KHdK AdP §PBAKCdK ASY + §SBACD60 AP,
We have defined the exterior product on s-space to satisfy the property
50 AP = —(=)1*PlsB A g,
4.5 Metric Structure of the Total Spase of a SV-Bundle

We consider the base M of a vs-bundle £ = (E,7g, M) to be a connected and para-
compact s-manifold.

Definition 3 A metric structure on the total space E of a vs-bundle £ is a supersym-
metric, second order, covariant s-tensor field G which in every point u € £ is given
by nondegenerate s-matrix Gog = G(0u,0s)  (with nonvanishing superdeterminant,

sdetG # 0).
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Similarly as for usual vector bundles [26,27] we establish this concordance between
metric and N-connection structures on &:

G((Slu aA) = 07
or,in consequence,
Gia— NP hap =0, (22)

where
Gra = G(0r,04),

which gives

NIB = hBAG]A,
where matrix h4P is inverse to matrix hap = G(04,05). Thus, in this case, the
coefficients of N-connection N é(u) are uniquely determined by the components of
the metric on €.

If the equality (22) holds, the metric on £ decomposes as

G(X,Y) = G(hX,hY) + GwX,vY), X,Y €E(E),

and looks locally as
G = Gap(u)6* @ 6° =

g[JdI®dJ+hA35A®5B. (23)
Definition 4 A d-connection D on & is metric, or compatible with metric G, if con-
ditions
D,Ggy =0

are satisfied.

We can prove that a d-connection D on £ provided with a metric G is a metric
d-connection if and only if

D (hG) =0,D (vG) =0,DY (hG) = 0, DY (vG) =0, (24)
for every X € Z(FE). Conditions (24) are written in locally adapted form as
gryik = 0,91704 =0,hapxk =0,hapic =0.

In the total space E of sv-bundle £ endowed with a mertic G given by (23)
one exists a metric d-connection depending only on components of G-metric and
N-connection called the canonical d-connection associated to G. Its local coefficients
CT = (LY, L4, Cle, Cap) are as follows:

s 1
Lig = gng((sKgHJ + 059K — 0HGIK),

. 1
Ly = 0pNj + §hAC[5Kth — (0NR)hpe — (0cNR)hps), (25)
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N 1
Cle = 591K509JK7

Cho = %hAD(aChDB +dphpc — Ophpe).
We point out that, in general, the torsion of CT—connection (25) das not vanish (see
formulas (12)).

It is very important to note that on sv-bundles provided with N-connection and
d-connection and metric structures realy it is defined a multiconnection d-structure,
i.e. we can use in an equivalent geometric manner different variants of d- connections
with various properties. For example, for modeling of some physical processes we can
use the Berwald type d—connection (see (5))

BT = (L' ;5,05N#,0,C%5¢), (26)

where LT jjc = L}, and CApc = Cao,  which is hv-metric, i.e. satisfies conditions:

pMhG =0
and
D;})’UG =0,

for every X € E(F), or in locally adapted coordinates,

gryx =0
and
hapic = 0.

As well we can introduce the Levi-Civita connection
« 1_. 3
{%} = iG (8ﬁGm + 0,Grp — aTGﬁ'v)a

constructed as in the Riemann geometry from components of metric G,z by using
partial derivations d, = 8% = (8%“ ay%) which is metric but not a d-connection.

Another metric d-connection can be defined as
~ 1
I3, = §GOLT(6QGTW +0,Grp — 0:Gpy), (27)

with components CT = (L' 7x,0,0,C%¢), where coefficients L' jx and C4p¢ are
computed as in formulas (26). We call the coefficients (27) the generalized Christofell
symbols on vs-bundle £.

For our further considerations it is useful to express arbitrary d-connection as a
deformation of the background d-connection (26):

Iy =T%, + Py, (28)
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where P%g3., is called the deformation ds-tensor. Putting splitting (29) into (12) and
(16) we can express torsion T, and curvature Rz® ; of a d-connection I'g, as

respective deformations of torsion Tgw and torsion Ié'ﬁo_‘ws for connection fgw

Ty = Taﬁv + T%’Y (29)
and
Ro™ = s+ It (30
where
T, =15, — ()75 +wys, T, =T, - (1)7Fg,
and

R s =055, — (—)16,T5, + T, 1% — (—)"°T8,0e + T§ w5,

R.ﬁaf’yé = DsP%p, — (*)hélb’ypaﬂ + P?3y P05 — (*)lva‘Pwﬁépacm + P%gow”ys5,

the nonholonomy coeflicients w® g are defined as
[Bas 35} = 8ads — (—)*P 0500 = w56

Finally, in this section we remark that if from geometric point of view all considered
d-connections are "equal in rights” , the construction of physical models on la-spaces
requires an explicit fixing of the type of d-connection and metric structures.

5 Supersymmetric Generalized Lagrange Spaces

Let us fix our attention to the st-bundle T'M.The aim of this section is to formulate
some results in the supergeometry of T'M and to use them in order to develop the
geometry of Finsler and Lagrange superspaces (classical and new approaches to Finsler
geometry, its generalizations and applications in physics are contained,for example,
in [20-30].

All presented in the previous section basic results on sv-bundles provided with
N-connection, d-connection and metric structures hold good for T'M. In this case the
dimension of the base space and typical fibre coincides and we can write locally, for
instance, s-vectors as

X=X +Y0r = X5 + YDy,

where u® = (z,37) = (1, y)).
On st-bundles we can define a global map

J:E(TM) - E(TM) (31)
which does not depend on N-connection structure:

0 7]

TGer) = a1
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and

A
oyl
This endomorphism is called the natural (or canonical) almost tangent structure on
T M; it has the properties:

J(==) =0.

1J?=0, 2)ImJ=KerJ=VTM
and 3) the Nigenhuis s-tensor,
N;(X,)Y)=[JX,JY} - JJX, Y} - JX,JY]

(X,Y € 2(TN))

identically vanishes, i.e. the natural almost tangent structure J on T'M is integrable.

5.1 Notions of Generalized Lagrange, Lagrange and Finsler
Superspaces

Let M be a supersmooth (n+m)-dimensional s-manifold and (T'M, 7, M) its st-bundle.
The metric of type g;;(x,y) was introduced by P.Finsler as a generalization of that
for Riemannian spaces. Variables y = (y*) can be interpreted as parameters of local
anisotropy or of fluctuations in nonhomogeneous and turbulent media. The most
general form of metrics with local anisotropy have been recently studied in the frame
of the so-called generalized Lagrange geometry (GL-geometry, the geometry of GL-
spaces) [26,27]. For s-spaces we introduce this

Definition 5 A generalized Lagrange superspace, GLS— space, is a pair
GL™™ = (M,gr;(v,y)), where gr;(z,y) isa ds- tensor field on
TM =TM — {0}, supersymmetric of superrank (n,m).

We call g;; as the fundamental ds-tensor, or metric ds-tensor, of GLS-space. In
this work we shall not intrioduce a supersymmetric notion of signature in order to
be able to consider physical models with variable signature on the even part of the
s-spaces.

It is well known that if M is a paracompact s-manifold there exists at least a
nonlinear connection in the its tangent bundle. Thus it is quite natural to fix a
nonlinear connection N in TM and to relate it to g;s(x,y), by using equations (22)
written on TM. For simplicity, we can consider N-connection with vanishing torsion,
when

O Nt — (=)o, NL = 0.

Let denote a normal d-connection, defined by using N and adapted to the almost
tangent structure (31) as DT = (L4 jx, C4 ;). This d-connection is compatible with
metric grs(z,y) if gr7x = 0 and grj1x = 0.

There exists an unique d-connection CT'(N) which is compatible with g7 ;(u) and
has vanishing torsions T ;i and S? ;i (see formulas (12) rewritten for st-bundles).
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This connection, depending only on gr;(u) and N(u) is called the canonical metric
d-connection of GLS-space. It has coefficients

1
L'y = igIH(éJgHK +0r9ix — 0HYIK), (32)

1
Ol = 591H(8J9HK + 095k — OHYIK)-

Of course, metric d-connections different from CT'(N) may be found. For instance,
there is a unique normal d-connection DI'(N) = (L, ., C; ;) which is metric and has
a priori given torsions T/ ;5 and S’ x. The coefficients of DT'(N) are the following
ones:

- 1
L =L"k - 59”1 (9srT  ir + 9k rT 1y — gurT K ),

- 1
Chix=Cyk — §QIH(9JRSRHK +9xrS"Hs — 9urS" K1),
where L! j;c and Cf ;i are the same as for the CT(N)-connection (32).
The Lagrange spaces were introduced [46] in order to geometrize the concept of
Lagrangian in mechanics. The Lagrange geometry is studied in details in [26,27]. For
s-spaces we present this generalization:

Definition 6 A Lagrange s-space, LS-space, L™™ = (M, gr), is defined as a partic-
ular case of GLS-space when the ds-metric on M can be expressed as

1 9°L

:iayIayJ’ (33)

g1(u)
where £ : TM — A, is a s-differentiable function called a s-Lagrangian on M.

Now we consider the supersymmetric extension of the Finsler space:

A Finsler s-metric on M is a function Fg : TM — A having the properties:

1. The restriction of Fg to TM = TM \ {0} is of the class G and F is only
supersmooth on the image of the null cross—section in the st-bundle to M.

2. The restriction of F to TM is positively homogeneous of degree 1 with respect
to (y!), i.e. F(x,\y) = AF(z,y), where ) is a real positive number.

3. The restriction of F to the even subspace of TM is a positive function.

4. The quadratic form on A™™ with the coeflicients

1 9?F?

- 4
2 oyl oy’ (34)

g1 (u)

defined on TM is nondegenerate.

Definition 7 A pair F™™ = (M, F') which consists from a supersmooth s-manifold
M and a Finsler s-metric is called a Finsler superspace, FS-space.
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It’s obvious that F'S-spaces form a particular class of LS-spaces with s-Lagrangian
L = F? and a particular class of GLS-spaces with metrics of type (34).
For a FS-space we can introduce the supersymmetric variant of nonlinear Cartan
connection [24,25]:
0
Ni(z,y) = =—G*I,
J( y) ayJ
where o2 5
1 € 5
G = sl ( LK Py ) = wyly”,
and g*!7 is inverse to g} ; (u) = %%. In this case the coefficients of canonical metric

d-connection (32) gives the supersymmetric variants of coefficients of the Cartan
connection of Finsler spaces. A similar remark applies to the Lagrange superspaces.

5.2 The Supersymmetric Almost Hermitian Model of the GLS—
Space

Consider a GLS-space endowed with the canonical metric d-connection CT'(V). Let
0o = (64,07) be a usual adapted frame (6) on TM and 6% = (97,47) its dual. The
linear operator

F:2(TM) — Z(TM),

acting on d, by F(é; = 73.1,F(8.1) = ¢y, defines an almost complex structure on
TM. We shall obtain a complex structure if and only if the even component of the
horizontal distribution N is integrable. For s-spaces, in general with even and odd
components, we write the supersymmetric almost Hermitian property (almost Her-
mitian s-structure) as

FgF) = —(—)*lsg.

The s-metric grs(x,y) on GLS-spaces induces on TM the following metric:
G = gry(u)dz! @ de’ + gr5(u)dy’ @ 6y’ (35)

We can verify that pair (G, F) is an almost Hermitian s-structure on TM with the
associated supersymmetric 2-form

0 =g1s(x,y)dy" Ada’.

The almost Hermitian s-space Hgn,2m = (TM,G,F), provided with a metric of
type (35) is called the lift on TM, or the almost Hermitian s-model, of GLS-space
GL™™. We say that a linear connection D on TM is almost Hermitian supersymmetric
of Lagrange type if it preserves by parallelism the vertical distribution V and is
compatible with the almost Hermitian s-structure (G, F), i.e.

DxG =0, DxF=0, (36)

for every X € =(T'M).
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There exists an unique almost Hermitian connection of Lagrange type D(®) having
h(hh)- and v(vv)-torsions equal to zero. We can prove (similarly as in [26,27]) that
coefficients (L' s, C7 jx) of D) in the adapted basis (07, d) are just the coefficients
(32) of the canonical metric d-connection CT'(N) of the GLS-space GL(™™). Inversely
, we can say that CT(N)—connection determines on TN and supersymmetric almost
Hermitian connection of Lagrange type with vanishing h(hh)- and v(vv)-torsions. If
instead of GLs-space metric gry in (34) the Lagrange (or Finsler) s-metric (32) (or
(33)) is taken, we obtain the almost Hermitian s-model of Lagrange (or Finsler) s-
spaces L™™ (or F™™).

We note that the natural compatibility conditions (36) for the metric (35) and
CT'(N)—connections on H?™?™—spaces plays an important role for developing physical
models on la—superspaces. In the case of usual locally anisotropic spaces geometric
constructions and d—covariant calculus are very similar to those for the Riemann and
Einstein—Cartan spaces. This is exploited for formulation in a selfconsistent manner
the theory of spinors on la-spaces [35], for introducing a geometric background for
locally anisotropic Yang—Mills and gauge like gravitational interactions [31,32] and
for extending the theory of stochastic processes and diffusion to the case of locally
anisotropic spaces and interactions on such spaces [47]. In a similar manner we shall
use in this work N-lifts to sv- and st-bundles in order to investigate supergravitational
la-models.

6 Supergravity on Locally Anisotropic Superspaces

In this section we shall introduce a set of Einstein and (equivalent in our case) gauge
like gravitational equations, i.e. we shall formulate two variants of la—supergravity,
on the total space E of a sv-bundle £ over a supersmooth manifold M. The first
model will be a variant of locally anisotropic supergravity theory generalizing the
Miron and Anastasiei model [26,27] on vector bundles (they considered prescribed
components of N-connection and h(hh)- and v(vv)-torsions, in our approach we shall
introduce algebraic equations for torsion and its source). The second model will be a
la—supersymmetric extension of constructions for gauge la-gravity [31,32] and affine—
gauge interpretation of the Einstein gravity [55,56]. There are two ways in developing
supergravitational models. We can try to maintain similarity to Einstein’s general rel-
ativity (see in [48,49] an example of locally isotropic supergravity) and to formulate a
variant of Einstein—Cartan theory on sv—bundles, this will be the aim of the subsection
A, or to introduce into consideration supervielbein variables and to formulate a super-
symmetric gauge like model of la-supergravity (this approach is more accepted in the
usual locally isotropic supergravity, see as a review [45]). The last variant will be anal-
ysed in subsection B by using the s-bundle of supersymmetric affine adapted frames
on la-superspaces. For both models of la—supergravity we shall consider the matter
field contributions as giving rise to corresponding sources in la-supergravitational field
equations. A detailed study of supersymmetric of la—gravitational and matter fields
is a matter of our further investigations [58].



220 S.1. Vacaru and N.A. Vicol

6.1 Einstein—Cartan Equations on SV-Bundles

Let consider a sv—bundle & = (F,w, M) provided with some compatible nonlinear
connection N, d—connection D and metric G structures.For a locally N-adapted frame
we write

) 0

Do) 5up = Vv gum
where the d-connection D has the following coefficients:
Mk =Lk, T ja=C" AT a; =0T 45 = 0,1k =0,
I';p=0T"px = L px. " pc = Cpe. (37)

The nonholonomy coefficients w? .3, defined as [dq, 03} = w730, are as follows:

K K K K A A
w'rr=0,w" 47 =0,w" 14 =0,w" 4 =0, w" 1y =R,
B B
wB __(_)\IA\aNA ,wB _ aNA wC =0
Al — 6yA7 ITA — ayAa AB — .

By straightforward calculations we can obtain respectively these components of tor-
sion,

T(0+,08) = T30, and curvature, R(ds,d,)dr = Rj,  dq, ds-tensors:

Br\/ sy
T =Tk, Ty =C ya, ThH = -C1 4, T =0, (38)
T4 =Ry, Tis = P51, T8, = P 51, Tac = S Be
and 5

Rilwr =Ry 'k, Rkt =0, Ri k. =0, RE k. = Rk ps (39)

Rixp=Pr ko, Ritkp =0.Rikp =0, R xp = Ps" kp,

a1 I q _ A H A

Ripk =P k0, Repxk =0,Ripxk =0,R5.px = —PB kb,

-1 I N A A A
Ricp=S57rcp,Reecp=0,Ricp =0,Récp =S8"cp

(for explicit dependencies of components of torsions and curvatures on components
of d—connection see formulas (12) and (16)).
The locally adapted components Rog = Ric(D)(da,03) (we point that in general

on st-bundles Rog # (—)laﬁlea) of the Ricci tensor are as follows:
Rij=Ri™ ;i Ria= -2 Pra =P, (40)

Rar =Y Par = PPy Rap =S4 = Sap.

For scalar curvature, R = Sc¢(D) = G*#R,5, we have
Se(D) = R+ S, (41)

where R = ¢!/ R;y and S = h4BS 5.
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The Einstein—Cartan equations on sv-bundles are written as
1 -
'R,ag - iGaﬁR + /\Gag = /*iljag, (42)

and
T.Oév + GB(XTTW - (_)IﬁﬂGvaTTﬁT = ’%2Qa67’ (43)

where Jag and @F, are respectively components of energy-momentum and spin-
density of matter ds—tensors on la~space, k1 and ko are the corresponding interaction
constants and )\ is the cosmological constant. To write in a explicit form the men-
tioned matter sources of la-supergravity in (42) and (43) there are necessary more
detailed studies of models of interaction of superfields on la—superspaces (see first
results for Yang-Mills and spinor fields on la-spaces in [31,32,35] and, from different
points of view, [28,29,38]). We omit such considerations in this paper.
Equations (42), specified in (x,y)—-components,

1
Rrj — §(R +8 = Ngrs = k1T15, Y Par = k1D T, (44)

1 ~
Sap — §(S + R — Nhap = raJap, P Pra = —r® T4,

are a supersymmetric, with cosmological term, generalization of the similar ones pre-
sented in [26,27], with prescribed N-connection and h(hh)- and v(vv)-torsions. We
have added algebraic equations (43) in order to close the system of s—gravitational
field equations (really we have also to take into account the system of constraints (22)
if locally anisotropic s—gravitational field is associated to a ds-metric (23)).

We point out that on la—superspaces the divergence D, J* does not vanish (this
is a consequence of generalized Bianchi and Ricci identities (17),(19) and (20),(21)).
The d-covariant derivations of the left and right parts of (42), equivalently of (44),
are as follows:

[Ry" = 3(R+5 —20)8,"] , + VP14 =0,

1, -
D[RS — = (R — 205 =
R§ =3t )057] { [Sp* — L(R+S — 20057, , — PPy =0,

where

WpA;, = WpgpAB A ply =@ ppgll Ry = Rgyg'®, S4p = Scph”c,

and
Do TG = Uy, (45)
where
AL ALB T g YA
and .
Uo = 5 (GRS 5T, () *GP Ry TE +RETE,). (46)
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JFrom the last formula it follows that ds-vector U, vanishes if d-connection (37) is
torsionless.

No wonder that conservation laws for values of energy—momentum type, being
a consequence of global automorphisms of spaces and s—spaces, or, respectively, of
theirs tangent spaces and s—spaces (for models on curved spaces and s—spaces), on la—
superspaces are more sophisticated because, in general, such automorphisms do not
exist for a generic local anisotropy. We can construct a la-model of supergravity, in a
way similar to that for the Einstein theory if instead an arbitrary metric d—connection
the generalized Christoffel symbols f“"ﬁﬂY (see (27)) are used. This will be a locally
anisotropic supersymmetric model on the base s-manifold M which looks like locally
isotropic on the total space of a sv-bundle. More general supergravitational models
which are locally anisotropic on the both base and total spaces can be generated by
using deformations of d-connections of type (28). In this case the vector U, from (46)
can be interpreted as a corresponding source of generic local anisotropy satisfying
generalized conservation laws of type (45).

More completely the problem of formulation of conservation laws for both locally
isotropic and anisotropic supergravity can be solved in the frame of the theory of
nearly autoparallel maps of sv-bundles (with specific deformation of d-connections
(28), torsion (29) and curvature (30)), which have to generalize our constructions
from [33,34,51]. This is a matter of our further investigations.

We end this subsection with the remark that field equations of type (42), equiva-
lently (44), and (43) for la-supergravity can be similarly introduced for the particular
cases of GLS-spaces with metric (35) on TM with coefficients parametrized as for
the Lagrange, (33), or Finsler, (34), spaces.

6.2 Gauge Like Locally Anisotropic Supergravity

The great part of theories of locally isotropic s-gravity are formulated as gauge su-
persymmetric models based on supervielbein formalism (see [45,51-53]). Similar ap-
proaches to la-supergravity on vs-bundles can be developed by considering an arbi-
trary adapted to N-connection frame B, (u) = (Br(u), Bo(u)) on £ and supervielbein,
s-vielbein, matrix

a _ All(u) 0 m,l _
A% (u) = ( 0 Acg(u) - GLn,k(A) =
GL(n,k,A)® GL(m,1,A)
for which

g o
Suc Aof(u)Bg(u)a

or, equivalently, % = A[L(Zli,y)Bl(SC,y) and ay% = ACQBQ(JC,y), and

Gag(u) = Aa®(u) A2 (u)nap,

where, for simplicity, 7,4 is a constant metric on vs-space yrk g ytm,
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We denote by LN(E) the set of all adapted frames in all points of sv-bundle £.
Considering the surjective s-map 7y, from LN(E) to £ and treating GL:Z}i(A) as the
structural s-group we define a principal s—bundle,

LN(E) = (LN(E),7L : LN(E) — &, Gng;j(A)),

called as the s—bundle of linear adapted frames on &.
Let denote the canonical basis of the sl-algebra QZZ kl for a s-group GL?,;fl (A) as

14, where index & = (f J ) enumerates the Zs —graded components. The structural

coefficients f, 3" of g;”,j satisfy s-commutation rules

Ua, I3} = fa57 I
On & we consider the connection 1-form

I =T (u)ladu”, (47)

where

o o « « 5 «
F*@Y(u) = A*QABEF sy + A*%A é(u),

[“g, are the components of the metric d—connection (37), s-matrix ~A%5 is

I
I 0
inverse to the s-vielbein matrix ~ A%;, and I% = < Oi A > is the standard
B

distinguished basis in SL—algebra QZZ kl .
The curvature B of the connection (47),

B=dl'+T AT =RZ 1%u” A ju’ (48)
has coefficients 5
Ros = A%a(w) AZs ()R 5,

where R)”_, are the components of the ds-tensor (39).

Aside from LN (E) with vs—bundle £ it is naturally related another s—bundle, the
bundle of adapted affine frames EN(E) = (AN(E),ma : AN(E) — €&, AF:é(A)) with
the structural s—group ANﬁ’,j(A) = GL:Z}j(A) ®  A™F @ A™! being a semidirect
product (denoted by ® ) of GanjCl(A) and A™* @ A™!. Because as a linear s-space
the LS—algebra Af;”kl of s—group zﬁlFZL’f,;l(A)7 is a direct sum of g;”,j and A™F @ A™!
we can write forms on AN(E) as © = (01, 03), where O, is the Q:,‘,’ﬂlfcomponent and

O is the (A™* @ A™!)—component of the form ©. The connection (47) in LN ()
induces a Cartan connection T' in AN (E) (see, for instance, in [55] the case of usual
affine frame bundles ). This is the unique connection on s-bundle AN (€) represented
as i*T' = (T, x), where x is the shifting form and i : AN(E) — LN(E) is the trivial
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reduction of s-bundles. If B = (B,) is a local adapted frame in LN (€) then B = ioB
is a local section in AN(E) and

T =BT = (T, ), (49)
B=BB=(B,T)

where x = e, ® A%,du®, e, is the standard basis in A™F @ A™! and torsion 7T is
introduced as
T=dy+[TAx}= T%Wegduﬁ Adu?,

T%“/ = A%, T“ g, are defined by the components of the torsion ds-tensor (38).

By using metric G (35) on sv-bundle £ we can define the dual (Hodge) operator
xq : A°(E) — anq’kfs(é’)ifor forms with values in LS-algebras on & (see details,
for instance, in [52]), where A”"(€) denotes the s-algebra of exterior (q,s)-forms on
£.

Let operator *51 be the inverse to operator * and 55; be the adjoint to the absolute
derivation d (associated to the scalar product for s—forms) specified for (r,s)—forms as

o = (—1)""xgl od o xg.
Both introduced operators act in the space of LS—algebra—valued forms as
xa(la ® ¢%) = Ia ® (xg9%)

and A )
dc(la ® @) = Ia @ 6cd™.

If the supersymmetric variant of the Killing form for the structural s—group of a
s—bundle into consideration is degenerate as a s—matrix (for instance, this holds for s—
bundle AN(E) ) we use an auxiliary nondegenerate bilinear s—form in order to define
formally a metric structure G4 in the total space of the s—bundle. In this case we
can introduce operator dg acting in the total space and define operator A = Hody,
where H is the operator of horizontal projection. After fAprrojection we shall not
have dependence on components of auxiliary bilinear forms.

Methods of abstract geometric calculus, by using operators g, ¥4, dg, 04 and A,
are illustrated, for instance, in [54-57] for locally isotropic, and in [32] for locally
anisotropic, spaces. Because on superspaces these operators act in a similar manner
we omit tedious intermediate calculations and present the final necessary results. For
AB one computers

AB = (AB, R + Ri),
where RT = 0gJ + *5' [T, *J} and
Ri=*g5'[x,*cR} = (—1)”+k+l+mRaHGaded5u“. (50)

Form Ri from (50) is locally constructed by using the components of the Ricci ds—
tensor (40) as it follows from the decomposition with respect to a locally adapted
basis du® (7).



Nonlinear Connections and Isotopic Clifford Stuctures 225

Equations

AB=0 (51)

are equivalent to the geometric form of Yang—Mills equations for the connection T (see
(49)). In [55-57] it is proved that such gauge equations coincide with the vacuum Ein-
stein equations if as components of connection form (47) are used the usual Christoffel
symbols. For spaces with local anisotropy the torsion of a metric d—connection in gen-
eral is not vanishing and we have to introduce the source 1-form in the right part of
(51) even gravitational interactions with matter fields are not considered [32].

Let us consider the locally anisotropic supersymmetric matter source J con-
structed by using the same formulas as for AB when instead of R,s from (50) is
taken k1(Jas — 2Gapd) — MGap — 2GapGy). By straightforward calculations we
can verify that Yang-Mills equations

AB=J (52)

for torsionless connection I' = (I, x) in s-bundle AN (€) are equivalent to Einstein
equations (42) on sv-bundle £. But such types of gauge like la-supergravitational
equations, completed with algebraic equations for torsion and s—spin source, are not
variational in the total space of the s-bundle AL(E). This is a consequence of the
mentioned degeneration of the Killing form for the affine structural group [55,56]
which also holds for our la-supersymmetric generalization. We point out that we
have introduced equations (52) in a ”pure” geometric manner by using operators
*, 0 and horizontal projection H.

We end this section by emphasizing that to construct a variational gauge like su-
persymmetric la—gravitational model is possible, for instance, by considering a min-
imal extension of the gauge s—group AF:?,’CZ (A) to the de Sitter s—group S;nkl(A) =

SOZT}Cl (A), acting on space Anmkl @ R, and formulating a nonlinear version of de Sit-
ter gauge s—gravity (see [57] for locally isotropic gauge gravity and [32] for a locally
anisotropic variant). Such s—gravitational models will be analyzed in details in [58].

7 DISCUSSION AND CONCLUSIONS

In this paper we have formulated the theory of nonlinear and distinguished connec-
tions in sv—bundles which is a framework for developing supersymmetric models of
fundamental physical interactions on la-superspaces. Our approach has the advan-
tage of making manifest the relevant structures of supersymmetric theories with local
anisotropy and putting great emphasis on the analogy with both usual locally isotropic
supersymmetric gravitational models and locally anisotropic gravitational theory on
vector bundles provided with compatible nonlinear and distinguished linear connec-
tions and metric structures.

The proposed supersymmetric differential geometric techniques allows us a rigor-
ous mathematical study and analysis of physical consequences of various variants of
supergravitational theories (developed in a manner similar to the Einstein theory, or
in a gauge like form). As two examples we have considered in details two models
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of locally anisotropic supergravity which have been chosen to be equivalent in or-
der to illustrate the efficience and particularities of applications of our formalism in
supersymmetric theories of la—gravity.

We emphasize that there are a number of arguments for taking into account effects
of possible local anisotropy of both the space-time and fundamental interactions. For
example, it’s well known the result that a selfconsistent description of radiational pro-
cesses in classical field theories requiers adding of higher derivation terms (in classical
electrodynamics radiation is modelated by introducing a corresponding term propor-
tional to the third derivation on time of coordinates). A very important argument
for developing quantum field models on the tangent bundle is the unclosed character
of quantum electrodynamics. The renormalized amplitudes in the framework of this
theory tend to co with values of momenta p — oco. To avoid this problem one intro-
duces additional suppositions, modifications of fundamental principles and extensions
of the theory, which are less motivated from physical point of view. Similar construc-
tions, but more sophisticated, are in order for modelling of radiational dissipation in
all variants of classical and quantum (super)gravity and (supersymmetric) quantum
field theories with higher derivations. It is quite possible that the Early Universe was
in a state with local anisotropy caused by fluctuations of quantum space-time ”foam”.

The above mentioned points to the necessity to extend the geometric background
of some models of classical and quantum field interactions if a careful analysis of phys-
ical processes with non—negligible beak reaction, quantum and statistical fluctuations,
turbulence, random dislocations and disclinations in continuous media and so on.
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