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Abstract Let (M,F) be a Finsler supermanifold. We introduce a linear Finsler superconnection
which is h-supersymmetric but not metrical. The curvature supertensor of this connection has two
components, hh-curvature component or Riemannian curvature supertensor and hv-curvature compo-
nent or non-Riemannian quantity. We show that the hv-curvature tensor characterizes the Riemannian
supermanifolds among Finsler supermanifolds, in other words, we show that the Finsler supermetric
F is Riemannian if and only if the coefficients of the hv—curvature components of the Finsler super-
connection can be expressed in terms of Ajp, 4.
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1 Introduction

The first model of a Finsler superspace has been proposed by VAcARU [13]. He has
given a general definition of locally anisotropic superspaces and formulated the theory
of tangent superbundles provided with nonlinear and distinguished connections and
metric structures. Such superbundles contain as particular cases the supersymmetric
extensions and various prolongations of Riemann, Finsler and Lagrange spaces (see
also [2], [3]).

The concept of a connection plays an important role in geometry. In a Finsler space,
the curvature tensor of a linear connection gives us all non-Riemann information about
this space. Examples of such connections were proposed by BERWALD [4], CHERN [6]
and most important of all, is Elie Cartan’s connection [5]. The Chern connection
coincide with the Rund connection, as pointed out by ANASTASIEI [1]. It is torsion-
free but is not completely compatible with the inner product (on #*T'M) defined by
the g;;’s. Shen is the person who worked on connection theory and introduced linear
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2 Esmaeil Azizpour

connections in Finsler geometry to characterize Riemannian manifolds among Finsler
manifolds [12].

In this paper, with the help of the Berwald-type superconnection, we introduce
a linear superconnection as a Finsler connection such that its curvature tensor has
two components R and P. The R-term is the so-called Riemannian curvature su-
pertensor which is a natural extension of the usual Riemann curvature supertensor
of Riemannian supermetrics, while the P-term is a purely non-Riemannian quantity.
The non-Riemannian quantity has a one to one correspondence with supertensor Af .
We show that the non-Riemannian quantity (the hv-curvature tensor) characterizes
the Riemannian supermanifolds among Finsler supermanifolds.

2 Preliminaries

In this section, we are going to give a brief description of the concepts of tangent
supermanifolds and nonlinear superconnections.

The basic structure for building up supermanifolds is the Grassmann algebra. For
each positive integer L, B will denote the Grassmann algebra over the reals with
generators 1, 81, ..., B, and relations

1.8 =p1=p;, i=1,..,L, Bi.Bj=-p;Bi 4j=1,..,L.

B is a graded algebra which can be written as a direct sum B = (B)o + (B); where
(B)o and (B); are the even and odd parts of (B) respectively (see [9], [8]). If the
elements A, A’ € B are homogeneous, then AA" € (B)jg[4|a|, AA = (=) A7 A,
where |A| denotes the parity (= 0, 1) of value A. Given the Grassmann algebra B, the
corresponding (m, n)—dimensional superspace is defined to be the space

B™"™ = By X ... x By x By X ... x By

m copies n copies

with m is said to be the even dimension and n the odd dimension of the superspace.

Throughout this paper, M will denote an (m,n)-dimensional supermanifold (see
[7], [11]). A vector superbundle £ over a supermanifold M with the total superspace
E, standard fiber V' and surjective projection ng : £ — M is defined as in the case
of ordinary manifolds. The idea of construction is by using the change of coordinate
functions of the supermanifold and transition functions of the superbundle. Particular
example of this construction is the supermanifold T M. The tangent superbundle
TM over a supermanifold M is constructed in usual manner. If M has dimension
(m,n) and coordinates (x;n), then TM has dimension (2m, 2n) and local coordinates
(z,y;n,0) which change according to the role

xi:xl’(xl?" T3 My -- 77771)7 77&:77/04(%1;~~ xm;nlvmvnn)v (21)
= 0 " Ox;

|
y}=26 yi + Za " aﬁ_zaﬁyl Zlﬁ—aea. (2.2)

A vector field X on an open subset U of the supermanifold M, is said to be even
(IX] = 0) if X, is even for each pomt pin U, and odd (|X|=1) if each X, is odd. For

i=1,...mand a =1,...,n, each and % is a vector field on U.
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A characterization of Finsler supermanifolds 3

We use “a”, “b”, “c”, ... as an index for our supertensors. Then the index “a” (and
similarly for “b”, “¢”) is i = 1,...,m and @ = 1,....,n where dimM = (m,n). For
example, in index notation, we write g,; instead of the coefficients of the supertensor
g defined in (3.1). If H is a homogeneous geometric object, then |H| denotes the parity
(=0,1) of values H. Also, we use another notation |a| which is defined as bellow:

la] =0, if a =i, where i = 1,...,m and |a| =1, if a = «, where a =1, ..., n.

For each pair of vector fields X and Y on a supermanifold M, the super commutator
[X,Y] is also a vector field defined by [X,Y] = XY — (—1)XIVly X,

Now consider a linear superconnection V on T'M. The torsion, T, and the curvature,
R, of V are defined by,

T(X,Y)=VxY — (-1)XIVlvy x — (X, Y],

R(X,Y)Z =VxVyZ— (-1)*NIVyVxZ - Vixy 2

where XY, Z € X(TM).
In the local coordinate system (z, y;n, ) in T M, the module of vertical vector fields
on TM, X?(TM), is generated by

{E?ayi’a(za’ 1=1,...m, o= 1,...,n} .

Definition 2.1 A morphism h : X(TM) — X(T'M) is said to be a horizontal su-
perendomorphism on M if it satisfies the following conditions:

(i) h? =h;

(ii) Kerh = XV (TM).

Let h be a horizontal superendomorphism. We define X h(T./\/l) := Imh. Then the
superendomorphism v defined by v := (id — h) : X(TM) — X (T M), is the vertical
projection on X?(T M) along X*(T M) and we have X (T M) = X"(TM) D X°(TM).
They satisfy v?> = v, hv = vh = 0. The set X"(T'M) is called the supermodule of
horizontal supervector fields.

Let h be a horizontal superendomorphism, then it induces a nonlinear connection
N with local coefficients N7 (z,y,7,6), Nf(m,y, n,0), No(z,y,n,0), Ng(az,y, n,0), such
that a local basis adapted (see [10], [13], [14]) to the given nonlinear connection N is

introduced by (%, 5”%, %, %), where
b0 9 0 nel
bx; - Oz Oy, o0y
R R (2:3)

M Oma Oy 005

Definition 2.2 Let J : X(T'M) — X(T'M) be a ninlpotent vertical superendomor-
phism i.e. satisfying hJ = 0, J? = 0. A ninlpotent morphism 6 : X(TM) + X (TM)
is said to be the adjoint structure if foJ = h, Jo# = v and 6% = 0. With respect to a
alocal basis (2.3), their matrics in block form are

10 00 0a~!
= (on) 7= (00) o= 6% )
It follows that Jv =0, 0h =0, hd =0, v =0, v0 = 0.
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4  Esmaeil Azizpour

3 Finsler supermanifolds

Definition 3.1 The function F : TM — B is called a Finsler metric (see [13]) if the
following conditions are satisfied:

(1) The restriction of F to TM = TM \ {0} is of the class G and F is only
continuous on the image of the null cross—section in the tangent supermanifold to M.

(2) F(z, Ay;n, A0) = AF (z,y;n,0), where A is a real positive number.

(3) The restriction of F to the even subspace of T'M is a positive function.

(4) The matrix g = {gijv gl’ﬂ defined by

aj Yo
1 9*F? 1 9*F? 1 9*F? 1 9*F?

= 5 9B = 5 A o = 5 ar s ap = 52— (3.1
9= 3 5pay, % T 20500, % T 2 a0y, 0 200,00, OV

is invertible. A pair (M, F) is called a Finsler supermanifold.

A Finsler supermanifold (M, F(z,y;n,0)) is called reducible to a Riemannian su-
permanifold if its fundamental supertensor field g does not depend on the directional
variables y; and 6.

The Finsler metric F induces a supermetric g, called the fundamental supertensor,
with coefficients defined in (3.1).
A Finsler superconnection [13], in superbundle £ is a linear superconnection V on
& which preserves J and 0, i.e., for each X|Y € X(TM) and f € G®(M),
Vx(fY) = X(f)Y + (-)IXIfVyY, VxJY = JVxY, Vx0Y =0V Y.

Now we are going to introduce the Berwald-type superconnection. With the help of
the Berwald-type superconnection, we can introduce a Finsler superconnection which
is used to characterize the Riemannian supermanifolds among Finsler supermanifolds.
As in general case, any horizontal superendomorphism gives rise to a special Finsler
superconnection, called Berwald-type superconnection (see Theorem 3.2).

Theorem 3.2 Let h be a horizontal superendomorphism. The superconnection D :
X(TM) x X(TM) — X(TM) defined by

DxY =v[hX,vY]+ hlvX,hY ]+ JvX,0Y] 4+ 0[hX, JY] (3.2)
is a linear Finsler connection.

Proof. Let f be a superfunction on T’”M and X,Y € X(TM) two supervector fields.
Then

WY) + (=X fy[h X, vY]
h(hY) + (=D)WIXI fRlu X, Y]
OY) + (—DFIXlf 7w X, 6Y]

Since foJ = h and Jof = v, thus we have DxfY = X(f)Y + (—1)/IXIDxY. This
means that D is a linear superconnection. Also,

Dx(JY) = v[hX, JY] + h[vX,hY] + J[vX,hY] = JDxY.
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A characterization of Finsler supermanifolds 5

By using the same method, we can show that Dx(0Y) = §DxY. So D is a Finsler
superconnection. O

In a local supercoordinate system (x;, ¥;; a, 0a), the local coefficients of the above
operator D are specified by

0 ONF O ON~ 0 0

D = —+ s Do -— =0,

52 QY Oy; Oy ang 00, ov; Y

o ONF o oN’ o 0

D = L L D o — —

00, 00, oy 00, 06, Do o, O

ONE ON¢

p, 2 90 9% 0 , 9 _,

sng 83/@ 8yik 8yk 8yi 89a 963 ayj

ON N

p, 0 90 90 , 0 _,

w5 000 004 Oy | 00q 00, 305 00, (3.3)
D J _8Nfi+8]\ffi i_o .

dx; Oy ox, | Oy; One’  owidw;
p,d _ONEs ON'S 6

0N 00 6mp | 00y omg’ i one
p, b 0N ONFs o6 o

s ow;  Oyi dxy, | Oy One’ 05 0wy
p, 0 _ONFs ONgs o8

5 e 00 0z | 004 Omy 805 OMe

We call it the Berwald-type superconnection.
With respect to the basis (2.3), T has several components called

“h” -, “v"- and “v’-torsion. The (hv)-components of the torsion tensor (as super-
functions on T'M) are given by
5 0 .9 _ 0 6 0
T|—,— | =P, —+P— 0T | —,— 3.4
! <5mk’ayj> ki gy TR 90, <5na’ayj> 34
_. 0 —3 O
—pi. 2 pf o
o 8yl a] 895
y 0 _. 0 —3 O y 0
(2 9\ _pi Ryl [ .
v <5xk’89a> ko gy T he g <5nﬂ’aea> (3:5)
_. 0 _ 0
=P, — +P] —.
ba gy T e

4 Characterizing Finsler supermanifolds which are Riemannian
supermanifolds

We introduce a new linear superconnection and show that the hwv-curvature tensor
of this connection characterizes the Riemannian supermanifolds among Finsler super-
manifolds.
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6 FEsmaeil Azizpour

Theorem 4.1 Let M be a supermanifold with a Finsler metric F and a fundamental
tensor g. Let D be the Berwald-type superconnection defined in (3.3) with torsion Py
gwen in (3.4) and (3.5). Let in terms of F and g, A}, be defined by

F2l .00
A% = (=1 la][b](le[41) ar
be ( ) 9 g ayr

(Gbe) + gaaa(za(gbc)> , (4.1)

then it defines a new connection V : X(TM)x X (T M) — X(T M), via the coefficients
F¢. defined by
Fy. = Dg, + (—1)Plel Az (4.2)

The new connection V has the properties:

(1) yr 7 + O Foy = Ny,

(2) In all cases for indewes, we have P, = —(—1)lalll A% " except for P s = Abas

(3) V is h-supersymmetric, i.e. Fl = (—1)“’”6‘FC‘2.
(4) For all supervector fields X,Y € X(TM), Vy,x)Y =0.

Note that, the notation d, is used to refer to the supervector fields 5%1, 517%, also the
notation O, is used to refer to %, %
Proof. First we notice that the functions (4.1) are the local components of a superten-
sor field since under a change of coordinates the components g, and g°¢ transform as
the components of a supertensor field on the base supermanifold.

For the given functions Fy}, defined in (4.2), in all cases for indexes we have y, F)% +
0o F3, = Ny, for example

ON?  F? d d
o V= v h 7 8 Y
Y Fl + 0o F, yr{ i +5 <g a9, (gri) +9 20, (gm)>}

ON!  F2 ) )
i 8 _~Y
+ 0q {ae +5 <g a9, —(9ai) + 9”7 0, (gm)>}.

Since yr + Ga 89 = Ng so the result follows. Also the second condition of the
theorem is satlsﬁed, for example v[T(8;, 8] = v[—FJ,65 — F2.05 4+ 0a N7 9; + 9o NP 5.
So PF = 0,N} — Fl, = —AF, and P = O;N® — F% = —A%. On the other

hand, since g, = (—1)‘“'“"91”Z and for the Berwald connection N we have (%(Né’) =
(=1)lallclg,(N®), so the third condition of the theorem is satisfied.

Using the similar way as in the proof of Theorem 3.2, the axioms (1)-(4) determine
a unique linear superconnection which is also a Finsler connection. We should mention
that the (hv)-components of the torsion tensor of the new connection (4.2) are given
by P = (1) (9.(Ng) = F3). O

The following formulas which are directly related to the definition of the superfunc-
tions Fj, and Aj , will be used later in our computations. Since the coefficients of the
nonlinear connection N are homogeneous superfunctions of degree 1, by a straightfor-
ward computation and using the definition of A7 ., we have

yiAL + (—1)l4lg, A2, = 0. (4.3)
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A characterization of Finsler supermanifolds 7

Differentiating (4.3) with respect to yi, we have Af, +y; A7, + (-1 )lalg, A2 ek =0,

where Af ;= dAbC . Also, differentiating (4.3) with respect to 6, we have y; A5, | +
(145, 0,8, ) — 0, where 45, — 2

As V preserves, by parallelism, the horizontal and the vertical distributions, so
the operator R(X,Y’) carries horizontal supervector fields into horizontal supervector
fields and vertical supervector fields into verticals. So the curvature of the supercon-
nection V has six components which are obtained by horizontal or vertical supervector
fields 6, and 9. We call them the h-curvature component (R), the hv-curvature (P)
and the vv-curvature (Q). An important component of the curvature is hv-curvature
(P) which contains non-Riemannian information.

Consider now the nonlinear connection N and the local basis ( 5‘; , 8‘9', %, 8‘3 ), we

7 Oy 0ma’ 904

compute the local components of the curvature R.

Theorem 4.2 Let the curvature of the superconnection V is given by
R(84,0p)0 —Rcbaéd, ((5a,(5b)8 = R% g,
R(0a,6)8c = Piuda,  R(0a, 8)0: = Pihydu,
R(0a, 0)3c = Qihada:  R(Da, )0 = Qlha0a.

cba

then
L= 5o (Fh) + (—1) |a|<|b|+|c\>< F,Fi, + F3F,
— (—1)eldelleD (F3 7, 4+ S

(—

(i) )
( ca) ca ab
o = () + (~)I 1D (4 F, Fsa)
5y (F2) — (—1)lbl(al+lel) ( Fg 4+ FB ng)
Pg, = 8a<Fsé>, (4.4)
d —0
cba .

Proof. In all cases for indexes, the proof is straightforward. For example Vs, Vs §; —
Vs,V 01 — V[ghgj](st Rt]kﬁ + Rtjké . The left-hand side of the above equation is

Ok (F5)0p + By { Fi8s + Flyos |+ 0u(F)00 + Fiy { Fikom + Fljos |
— 0j(Fi)8, + Bl { 3o, + Fjos |
+ 0,(F2)00 + {Fm6m+F 5@}
So Ry, = 0k(Ff) + FiFl, + FRFL, — 0;(Fy) + F Fl + FGFL, and RSy = 04(Fg) +

FLES + FgFlg‘k —{0;(F%) + FRFS + F’B Fg;}. Repeat this procedure the remaining
components will be achieved. IZI

Lemma 4.3 The hv—curvature components of the Finsler superconnection (4.2) are
satisfied in the following relation.

yiPihe + (=1)106 Py, = (=11 B, (4.5)
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8 FEsmaeil Azizpour

Proof. If we differentiate both sides of the equation in the first property of Theorem
4.1 with respect to y; and 6., and using Theorem 4.2, we obtain (4.5). For example,
if we differentiate both sides of the equation yrFy; + HQF(;J- = Nj with respect to 03,

OF;, » OF!, _ ON!
then we have yraTT; + Féj - HaTeﬁ = 29 h
tensor of the new connection (4.2) are given by P = (—1)IPlll (9.(N2) — F3), so

Y Pig — 0Pl =Py O

(hv)-components of the torsion

Theorem 4.4 Let (M, F) be a Finsler supermanifold with the Finsler superconnec-
tion (4.2). Then the Finsler supermetric F is Riemannian if and only if

e = — (=Dl Az, (4.6)
and in all cases for indezes,
e = _(_1)‘(1‘1431;,0 except Pyg, = —Agg .- (4.7)

Proof. If F is Riemannian supermetric, then all components Aj, are zero and the
‘if-part of the theorem is evident. Conversely, assume (4.6) and (4.7) are satisfied.
Differentiating (4.3) with respect to y;, and 6, we have

_yiAgck ( )l |9 Aack: - %cv (48)
A;lc'y ( 1)|a|90!Agzc,'y = (_1)‘(1“43(3' (49)

We prove the theorem by dividing in the following two cases:
Case 1. We assume that for the two lower indexes “b” and “c” in Pj ., b # 3 or
¢ # v. Now, from relations (4.6) and (4.7), we can conclude the following relation

YiPihe + (=110 Py, = —(= 1)1y A5 | — (~1)leltilg, A5, . (4.10)

The first and second term in booth side of the above equation are obtained by con-
tracting (4.6) and (4.7) by y; and 6, respectively. The left hand side of (4.10) is

(—1)lllel e therefore from (4.8) and (4.9) we have:

e If c=j then Plfj = A;Lb. From Theorem 4.1, Plfj A]bv thus A‘}b =

e If ¢ = 3 then b = j and we can conclude that P]“ = (- )|“|A%j. From Theorem 4.1,
Py = —(=1)ll A% thus A% =0

Case 2. b= and c =7
Using the same method as above we have

YiPly — 0aPls, = —(—1)\ly; A%y +0,A%; (4.11)
The left hand side of (4.11) is —Pgw therefore —]557 = A% Thus A25 =0. O

Here we give an example of a Finsler supermanifold which is not Riemannian su-
permanifold.
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A characterization of Finsler supermanifolds 9

Ezample 4.1 Let M = R™2, we use (z4,Mmq) as the coordinates on M. Let F be a

. . . ~ 2 12
nonzero Finsler metric on R™ and let us consider g;;(x,y) = % a%.gy. the second order
0U;

fundamental tensor associated to F'.

If we define F = F' + ﬁ9192, then (M, F) is a Finsler supermanifold. According to
(3.1), the coefficients of the fundamental supertensor field g are
1 0%F?
2 9y, y; 00
0-1
0 10

So in all cases for indexes, we have
_ F? 2 0Gjk
AR . =0 t Al = g 2=,
e excep k 59 0

Similarly, for the coefficients of linear connection (4.2), we have
Fy.. = Dy, except F;k = D}k + Azk
From these and Theorem 4.4 it clearly follows that the Finsler supermanifold is not

Riemannian supermanifold, because A7, =0, Pys, = Da( 5y) = Da( Gy)-
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