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ON osp(p+ 1,q + 1]2r)-EQUIVARIANT QUANTIZATIONS
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ABSTRACT. We investigate the concept of equivariant quantization over
the superspace RPT%"  with respect to the orthosymplectic algebra
osp(p + 1,¢ + 1]27). Our methods and results vary upon the superdi-
mension p + ¢ — 2r. When the superdimension is nonzero, we manage
to obtain a result which is similar to the classical theorem of Duval,
Lecomte and Ovsienko: we prove the existence and uniqueness of the
equivariant quantization except in some resonant situations. To do so,
we have to adapt their methods to take into account the fact that the
Casimir operator of the orthosymplectic algebra on supersymmetric ten-
sors is not always diagonalizable, when the superdimension is negative
and even. When the superdimension is zero, the situation is always
resonant, but we can show the existence of a one-parameter family of
equivariant quantizations for symbols of degree at most two.
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1. INTRODUCTION

The concept of projectively equivariant quantization over R™ was intro-
duced by P. Lecomte and V. Ovsienko in [21]. If we denote by pgl(n+1) the
Lie algebra of infinitesimal projective transformations of R™, such a quan-
tization is an isomorphism of pgl(n + 1)-modules from the space S5(R™) of
contravariant symmetric tensors with coefficients in J-densities to the space
Dy r+5(R™) of differential operators mapping A-densities to A 4 0-densities.
This isomorphism is moreover required to satisfy a natural normalization
condition (see ([III)).

In [21], P. Lecomte and V. Ovsienko showed the existence and uniqueness
of the projectively equivariant quantization in the case 6 = 0. This result
was generalized in [I1) 9] for arbitrary § € R\ C, where C is a set of
critical values. In [9], C. Duval, P. Lecomte and V. Ovsienko investigated
the concept of conformally equivariant quantization. It is a quantization
that intertwines the actions of the algebra so(p + 1,¢ + 1) of infinitesimal
conformal transformations of RP*9. The main result in this case is the
existence and uniqueness of such a quantization, provided the shift value &
is not critical (see also [31}, B7] for a refined classification).

Various generalizations of these results were considered in recent years.
For instance, in [6, [7, 10} 23] 20, 5l B7], the concepts of projectively and
conformally equivariant quantizations were extended to arbitrary manifolds
endowed with projective or conformal structures. Also, other spaces of dif-

ferential operators were considered in [16] 241 12| [17, 25|, 26] 27, [§].
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Recently, several papers dealt with the problem of equivariant quantiza-
tions in the context of supergeometry. Let us quote for instance [I3] and
[29] for equivariant quantizations over the supercircle S and S'12 and [30]
for equivariant quantizations over supercotangent bundles. The extension
of the theory of projectively equivariant quantizations to the framework of
the superspace R™™ or more generally to supermanifolds endowed with a
projective class of superconnections was investigated in [14] 28 22].

It is then natural to consider the extension to supergeometry of the con-
formally equivariant quantization in the sense of [9]. We consider the or-
thosymplectic algebra osp(p + 1, g + 1|2r) that we realize as a subalgebra of
vector fields over the superspace RPT2" and we analyze the existence of the
equivariant quantizations with respect to this algebra.

As in the projective setting [28], the situation depends on the superdi-
mension of the space under consideration.

e When the superdimension is nonzero, we adapt the methods of [9] to
take into account that the Casimir operator of the orthosymplectic
algebra on supersymmetric tensors is not always semi-simple. Us-
ing generalized eigenvectors of Casimir operators, we thus manage
to prove existence and uniqueness of the quantization except in a
countable set of resonant values of the shift §.

e When the superdimension is zero, the results do not depend on the
shift §. Actually, the situation is special since any value of ¢ resonant.
Nevertheless, we prove in this case the existence of a one-parameter
family of quantizations for symbols of degree at most two.

Finally we provide explicit formulae for the quantization of symbols of degree
at most two.

2. NOTATION AND PROBLEM SETTING

In this section, we will recall the definitions of the spaces of differential
operators acting on densities and of their corresponding spaces of symbols
over the superspace RPT42" We refer the reader to [28] and references
therein for a more detailed discussion of these concepts. Then we will set
the problem of existence of osp(p + 1, ¢ + 1|2r)-equivariant quantizations.

We denote by d the superdimension of the superspace RPT42" that is
d = p+ q — 2r. Throughout the paper, we only consider Lie superalgebras
over R. For any natural number n we set I, = {1,...,n}. We denote by a
the parity of a homogeneous object a. For indices i € I 4y2,, we set i=0
if i <p+qand =1 otherwise. We denote by ', ..., 2P the set of even
indeterminates and by 6',...,6%" the set of odd indeterminates. We also
use the unified notation y*, where i € I, 2., for the set of even and odd
indeterminates, y',...,y”t? being the even 2!, ..., zPT9.

For i € I,4q42r, we denote by e; (resp. ') the column (resp. row) vector
in RPHA2r (resp. (RPT427)*) whose entries are 0, except the i-th one which

is 1. We denote by B, 2, the basis (eq,... s €ptq+2r), and by B;Jrqm the

corresponding basis in (RPF4127)*,
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2.1. Densities and weighted symmetric tensors. The Vect(RP*4%7)-
modules of densities and of weighted symmetric tensor fields are both par-
ticular cases of the general construction of a Lie derivative on general-
ized tensors considered for instance in [2| [I5]. For every representation
(V,p) of gl(p + ¢|2r), the space of tensor fields of type (V,p) is defined as
T(V) = F®V, where F = C®°(RP427), and the Lie derivative of a tensor
field f ® v along a vector field X € Vect(RP+42") is defined by the formula

Lx(f ®v) = X(f)@v+ (-0 Y 17 @ p(ejv, (1)
]
where Jl.j = (—1)3/~i)~(+1(8inj ) and eé» is the operator defined in the basis
Bp—l—q\Zr by e;-(ek) = 5]2€j.
The particular case of densities corresponds to a vector space V = B> of
dimension 1|0 spanned by one element u and the representation of gl(p+q|2r)

defined by p(A)u = —Astr(A)u. Note that in the formulas below, we will not
write down explicitly the generator u of B* unless this leads to confusion.

Definition 2.1. The Vect(RP+92")-module Fy of densities of degree A over
RP+412" is the space T'(B*) endowed with the action of Vect(RPT427) defined
by formula ().

The space Fy is thus isomorphic to the space of functions F endowed
with the Lie derivative

L f = X(f) + Adiv(X)f, (2)
where the divergence of the vector field X = Zfif”r X'0,: is given by
ptq+2r - '
div(X) = > (-1)7¥9,X".
i=1

We denote by S* the space of supersymmetric tensors of degree k over
RPH4127 Recall that the symmetric tensor product of homogeneous elements
V1, ..., v, € RPHA2T ig defined by

m V-V, = Z SEN(0, V1,5 -+ vy V) Vp1(1) @+ ++ @ Vg1 (),

ceSy,
where sgn(o,v1,...,v;) is the sign of the permutation ¢’ induced by o on
the ordered subset of all odd elements among vy, ..., v;. There is a natural

representation p of gl(p + ¢|2r) on S* defined by
k o
=1
The space S§ (6 € R) of weighted symmetric tensors is the tensor product
B @ S* endowed with the tensor product representation of gl(p + ¢|2r).

Definition 2.2. The space Sg“ of weighted symmetric tensor fields is the
space T(SF) = F @ SF endowed with the action of Vect(RP*92") defined by
formula ().



EQUIVARIANT QUANTIZATIONS 4

2.2. Differential operators and symbols. The space D, , of linear dif-
ferential operators from Fy to F, is filtered by the order of differential
operators. We denote by D’i L the space of differential operators of order at
most k. Any differential operator D € D’i , can be written as

a Qptq Optq+1 Ap+g+21
D:Zfaagﬁf---@x;lf@gfq S Qe (4)

|al<k

where J,; stands for the partial derivative 8iyi’ « is a multi-index, each f, is

in F, |a| = Zf;ﬁ% a; and Qpygi1s-- .5 Qprgror are in {0,1}. The natural
action of Vect(Rp+q‘2r) on Dy , is given by the supercommutator : for every
D € Dy, and X € Vect(RPI7),

LxD=1% oD - (-1)"PDoL}. (5)

The Vect(Rp+q‘2r)—module of symbols is the graded space associated with
D, - It is isomorphic to the module of weighted symmetric tensor fields

Ss=EPS;, s=p-x
k=0

The isomorphism comes from the principal symbol operator

. Dk k. a1\, Qp+q Optq+1 \, . Qp+q+2r
0k DY, 85 D > fa@efT Ve VetV e vy e T
|la|=F

if D reads as (). This operator commutes with the action of vector fields
and induces a bijection from the quotient space D’f\’ " / Di;} to Sf .

2.3. Orthosymplectic algebras. We recall the definition and the decom-
position of the Lie superalgebra osp(p+ 1, ¢+ 1|2r). It will be convenient to
relabel the elements of B, 12/2r as (€0, €1, -, €pig; €ols Eprgrls- - - Eprgrar)
in order to particularize the first and last basis elements of the even subspace.

We relabel the elements of B; tgt2l2r accordingly and we identify RPT42" to

the subspace of RPT41212" made of elements whose components along e, and
ey vanish. With our notation, this linear embedding ¢: RPt4I2r — RpFa+2(2r
maps €; € By g2, t0 € € By gyojor, for @ € Ipigior.

The orthosymplectic algebra osp(p + 1,q + 1|2r) is the Lie subalgebra
of gl(p + ¢ + 2|2r) made of those matrices A that preserve a particular
supersymmetric even bilinear form w, in the sense that

W(AU, V) + (1) w(U, AV) = 0, for all U,V € RPTTH22r ()
This particular form w is defined on RPT4+212" by (U, V) = VEGU, where
0 0 -1
G:(ﬁf}) s={ 0 1, 0 |, J:(_?d Ig”>,
-1 0 0 "

and Id,, , takes the signature of the even part into account:

1d 0
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The musical isomorphisms associated with w are defined as ususal by
p: RPFOH22ZT _y (RPEGF22r)x gy P — y(n,), f=bTt
Using these isomorphisms, we can easily see that the operators
O =e;@el — (1)) @, (7)

where 4,5 € {0,0'} U I, {412, generate the orthosymplectic algebrall.

In the purely even context, the algebra so(p + 1,¢ + 1) has a natural
decomposition into a direct sum of subalgebras ([9]). This decomposition
can be extended to the super context as follows. The pull-back of the form
w by the embedding ¢ defines an even supersymmetric form wy on RPT2"
and the operators that preserve wg form the algebra osp(p, ¢|2r). Now, any
matrix A of osp(p+ 1,q + 1|2r) can be written as

—a;  vild,, 0| —vhJ
Idp,qgi Bl U1 BQ
0 &1 ai | & ’
—J& Bz v By

A=

where a; € R, vy € RPH oy € R?" & € (RPFI)* and & € (R?)*. This
decomposition of matrices defines a linear bijection

D:osp(p+1,g+112r) 2 g-1DgoPg1: A~ (v, B—a11d,¢),

where v = < Zl > €g1= Rp+q‘2r7 £E=(&,8)eqn = (Rpﬂm)*a and
2

B, B
B = < By B, > € ho = osp(p, q2r).

Note that gg = hg ® RE, where the element £ = —Id corresponds to a1 = 1
above and characterizes the decomposition of the algebra:

ad(€)|g, = ildg, for all i e {-1,0,1}.

We can compute the bracket in the algebra g_; ®go @ g1: g—1 and g1 are
commutative Lie superalgebras, the adjoint action of gy on g_; and g is
given by the natural action of osp(p,¢|2r) ® RId on RPH42" and (RP+al2r)
respectively. Finally, for any v € g_; and & € g1,

[0,€] = v @& — (—1)"Cef @ 0" + (~1)% (¢, 0)1d, (8)

where (£, v) denotes the standard matrix multiplication of the row £ by the
column v. It will be convenient for our purpose to express the isomorphism
® in terms of generators: it is easy to see that ® actually maps O] to O,
O;’, to e;, Og, to ' and Og,, to —Id, if 4,7 € Lpqqq2r-

1Actually, the operators O{ for i, j € {0’} U L4412 are enough to generate the algebra
(see Relations ([I8])).
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2.4. The Lie superalgebra of vector fields osp(p + 1,q + 1|2r). Let us

recall how it is possible to realize the Lie superalgebra osp(p + 1,q + 1|2r)

as a Lie superalgebra of vector fields over the superspace RPT42" The

construction is a superization of the classical construction of the algebras of

conformal vector fields in the purely even situation, which we first recall.
The isotropic cone of the metric S is the zero locus of the function

F(a®,at, . aPt ) = (") 4 (aP)2 = (@P)2 = — (2P )2 — 222

The group O(p + 1,¢ + 1) is made of those matrices that preserve S. Its
linear action on RPT912 restricts to the isotropic cone and induces an action
on the projective quadric associated with F. The space RPT4, viewed as a
chart of this quadric, inherits a local action of O(p+1, g+1). Differentiating
this local action, we realize so(p + 1,¢ + 1) as a Lie algebra of vector fields
on RPT4, Equivalently, the above construction can be presented in terms of
functions. Any function f on RP*4 can be lifted to a homogeneous function
f on RPHIT2\ {20 = 0} given by

/

7zl rpta
,IU

~ ’
f(x07x17"'7xp+q7xu):f <F7"'7

We denote by x*(f) the restriction of f to the corresponding open subset
of the isotropic cone of S (i.e. f modulo the ideal generated by F ). Now
we embed the Lie algebra so(p+1,¢+ 1) into Vect(RP™?) by restricting the
standard homomorphism

Bpiqra: ol(p+q+2) = Vect(RPTIF2) 0 A VA = — Z A}yj(?yi
Y]

to so(p+ 1,q + 1) and by using x* to define X4 = (x*)" o Y4 0 x*.
In the super setting, the ingredients of the construction can be generalized
as follows. First, any superfunction f € COO(Rp+q‘2r) has a decomposition

f= > fila',...aPtne,
IC{1,....2r}

where f; are smooth functions on RPT? and 6 = 6% ... 0% if 4, < --- < i,
are the elements of I. We define

1 p+q 0[
~ 1 1 2 X X
f(ﬂjo,x,...,$p+q,ﬂfo,9,...,9r): Z f[ 7,...,7 TIII
ciiory N ¥/ (@)
c{1,...,2r

The superfunction f is homogeneous in the sense that each f} is homo-
geneous of degree —|I|. We denote by x*(f) the restriction of f to the
supercone of G whose equation is F'(z,6) = 0, where

p p+q r
Fla,0) =Y (@)= 3 (@) —220°0" + 23 00",
i=1 i=p+1 i=1

i.e. we consider f modulo the ideal generated by F. Then the superalgebra
al(p + g + 2|2r) can be realized as a subalgebra of vector fields of RP+a+2[2r
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by means of the homomorphism

hpiqropor : 8 (p+q+2[2r) — Vect(RPFIH227y 4 —Z(—l)j(ﬂj)Aé»yj@yi.
0]

Doing as above, we can associate with each element h of ®(osp(p+1, g+1|2r))

a vector field on RPT9H2 namely

zp+q+2r hz ) if h e RPHaI2r — g-1,
xh={ — Zg’jﬁﬁr( )J<Z+J‘>h§yﬂ‘ayi if h € go,

SRR Byl (1) X+ SFRo(y) XM if he (RPHIZT)* = gy
9)

where
P ptq pHatr
Foy) =Y ()= > w)+2 > oy
=1 i=p+1 i=p+q+1
Note that for every A € go = o0sp(p, ¢|2r) & RId, Formula () reduces to
Lya(f ®v) = XA(f) @ v+ (-1 f @ p(A)e. (10)

2.5. Equivariant quantizations. By a quantization on RPT41?" we mean
a linear bijection @ from the space of symbols S; to the space of differential
operators D) , that preserves the principal symbol, i.e.,

on(Q(T)) =T (11)
for all k € N and all T € Sg. The inverse map of such a quantization is
called a symbol map. A quantization is osp(p + 1,q + 1|2r)-equivariant if

LxnoQ=QoLxn
for all h € osp(p + 1,q + 1|2r).

3. TOOLS FOR THE QUANTIZATION

Here we adapt in the orthosymplectic setting the basic tools that were
used to build the quantization in the purely even situation or in the super
projective case [2§].

3.1. The affine quantization and the map ~. We first introduce the
affine quantization map and we use this map to carry the Vect(Rp+q‘2r)—
module structure of D), to Ss. Then we focus on the map v which measures
the difference between the obtained Vect(RPT42")-module structure on Sg
and the one given by the Lie derivative of symbols.

The affine quantization map Qag is defined as the inverse of the total
symbol map

. . (% [e% Ap+1 Qp4
oA i Dap = S5 D > fa @efTV Vet VetV Ve T,
lal<k

when D is given by (). The map Qag is an equivariant quantization with
respect to the superalgebra made of constant and linear super vector fields.
Moreover, Qag can be expressed in a coordinate-free manner.

Proposition 3.1. For every vi,...,v, € RPTI2 | f e C®(RPTI2T) | we have

Qag(f ®@v1 V- Vug) = (=1)Ff Lxvi o+ 0 Lxu.
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We carry the Vect(Rp+q‘2r)—module structure of D) , to S5 by defining
LxT = Qxp o Lx o Qar(T)
for all T in S5 and all X in Vect(RPt42"). The difference between the
representations (Ss, £) and (Ss, L) is measured by the map
v:g— gl(Ss5,S5) : h— vy(h) = Lxn — Lxn.
An easy computation in coordinates yields its basic properties as in [4] 2§].

Proposition 3.2. The map v vanishes on g_1 & go. Moreover, for every
h € g1 and k € N, v(h) maps 85 to S(I;_l and is a differential operator with
constant coefficients, of order zero and parity h.

We now derive a coordinate-free expression of +. To this aim, we recall
that the interior product of a row vector ¢ € (RPF42")* in a symmetric
tensor v1 V - -+ Vv € S¥ namely

k
~ a—1 ~ ~
i(e) (v Ve Vo) = Y (1) =i W e pghoy Vorde Vg, (12)
a=1
can be extended to Ss by setting i(¢)u = 0 for u in B® and by defining i(¢)
as a differential operator of order zero and parity €. This interior product
extends to symmetric covariant two-tensors by setting

i(e VeSS =i(e)oi(e)S (13)
for all £,&’ € (RPF942")* and S € S5. Then we introduce the operators
p+q+2r '
T:8 » 8280 > (e vel)s, (14)
j=1

and extending in the same way the symmetric product by elements of RPT42"
to Sg“,
pt+q+2r
R:SF =818 Y e V() Vs (15)
j=1
An explicit form of the operator T is given by the following result.

Lemma 3.3. We have
k
T(Ul \/ e \/ ka) — 2 Z Z(_l)vh(2a<c<b 6‘:)0}0(’[}@, fub)fvl \/ - d e [; e \/ ka
b=1 a<b

for every homogeneous vy, .. ., v, € RPHal2r,

Proof. Using ([I2)), (I3) and the definition of T, we get immediately that the
left-hand side is equal to

p+q+2r k o ‘ A
Z (ZZ(_UJ( c=a”0)<ez,va><ej,vb>v1\/---d---b---\/vk

j=1 b=1 a<b

k
+ ZZ(_UJ’(ZZ;J 17¢:+U~b)<e.l;,’va><€j’vb> VLNV bl VUk) i

b=1 a>b
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The result follows by permuting the sums, exchanging the indexes a and b
in the second summand, and using the definition of b. U

The expression of 7y is detailed in the following result whose proof is similar
to the corresponding one in [28].

Proposition 3.4. For every h € g1 = (RP*912")* we have on S¥
1
v(h) = —(Ad + k — 1)i(h) + ihﬁ VT,
where i(h) and T are given by (12) and (I4), respectively.

Proof. 1t is sufficient to show that both sides of the equality agree on tensors
of the form vy V - -- V vy, with homogeneous v; € RPT42" By the definition
of v, we have

Qag(Y(h)(v1V---Vog)) = Lxn(Qag(vi V- V) —Qag(Lixn(vi V- --Vug)).
By Proposition [3.21 and the definition @ ag, the left-hand side is a differential

operator of order kK — 1. Hence, we only have to sum up the terms of that
order in the first term of the right-hand side, which is equal to

(—1)k[LXh oLxvi 0---0Lxvwu — (_1)B(U1+---+v7€)Lle o---0Lxuv o LXh].

An easy computation shows that this expression can be rewritten as

k o R
(_1)]6[2(_1)61'(211:11 UZ)LX[}%%] o LXU1 O+vvf---0 LX%

7yiel s P i1 ~
+ 303 ()P AN Ly 02 g gy <40 L.
i=1 j=1 T

It follows from Equations (Il) and ([I0) that the term of order & — 1 in the
first summand is exactly

= Qag(—Adi(h)(vy V-V vp))
In order to deal with the second term, we compute the bracket
[ [, vil) = (B, vivs + (= 1), v3hvs = (=1) DR (v, v).
As in [28], the first two terms yield
—(k = 1D)Qag(i(h)(v1 V-V vg)).
Finally, the last term of the bracket yields

Qag ZZ h(z; Lo+ (h+0) (i) =j )WO(’U“’I}])’Ul V- \hfﬁ/l V),

=1 j<i J
that is, using Lemma [3.3]

1
QAff(ihti V T(v1 VeV vk)),
and the result follows. O
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3.2. Casimir operators. As in the purely even context [9, [, B] or the
super projective case [2§8], we will use quadratic Casimir operators (see [I8],

1, B3, 32 35 B6L [34] for detailed descriptions) to build the quantization.
We will show that there is a simple relation between the Casimir operators
C' and C associated with the representations (Ss,L) and (S5,L) of g =
osp(p+1,q + 1]2r), respectively and we will compute an explicit form of C'.

Given a representation (E, ) of osp(p+1, ¢+1|2r), we consider the second
order Casimir operator Cg defined by

Cp = Zﬁ(u}*)ﬁ(u»

where u; and u} are bases of osp(p + 1, ¢ + 1|2r), dual with respect to the
Killing form

1
Kigxg—R:(A,B) - —str(AB), (16)
in the sense that K(u;,u}) = d;

Lemma 3.5. The second order Casimir operator associated with a repre-
sentation (E, ) of osp(p+ 1,q + 1|2r) is

Co=-2 Y (~1)'BE)Be:) +dB(E)

1<pt+q+2r

SHEP -y Y (FIBODEO). (7

1,j<p+q+2r

Proof. We first show how to select generators O] € osp(p + 1,q + 1|2r)
to define a basis of this algebra. We define 7 as the permutation of I =
Ipigior U {0,0'} that exchanges o and o/, fixes the elements of I,1, and
exchanges i and i+r for i € {p+q+1,...,p+q¢+r}, and the function s by

siy={ ~b iiefodbUlptl . ptatrl,
| 1, otherwise.

It is then easy to see that the generators obey the relation
ort) = a0, (18)

where B
aij = —(=1)7s(m(j))s(i).

In particular, Ozr(z) = 0 for every even index i. Therefore, for every set
A C I x I that contains exactly one element of each set {(i,7), (7(j),7(i))}
when j # 7(i) or i is odd, the collection {O},(i,j) € A} defines a basis
of osp(p + 1,q + 1|2r). Observe that, if A is such a set, then so is A =
{(r(7). 7(0) - (i.) € A},

Now, a straightforward computation shows that

K(01,00) = —(=1)"(6; 011 + (i) m()O.m(1) Oir(i))-
Therefore, defining for any 7,5 € I

0" = —(=1)/(1 + 6, () 'O, (19)
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we have K(O?,ij) = 0,0, for every (i,7) and (k,l) in A. By definition,
the quadratic Casimir operator associated with (E, ) is thus equal to

Co= Y, BOMBON= Y BO[BO].
(i,j)€A (4,4)€EAR
Summing both expressions of C'g, the Casimir operator can be computed as

a sum over all the indices
1 ~ . .
Cp=—5 Y (~1Y8(0)(0)).
i,j€l
We gather the terms containing the indices o0 and o', take into account (IS
and the isomorphism ®, use the relation

Z [ei,si] = —d¢&,

i<ptqt2r
and the result follows. O
We define the operator
pt+q+2r . A
N:SF =818 2 Z (—=1)"y(e")Lixe S.
i=1

We apply Lemma for both C' and C, and use Proposition to obtain
the relation between these operators.

Proposition 3.6. The Casimir operators are related by
C=C+N. (20)

We now state the main result about the operator C', using the operators
R and T (see (IO and (I4).

Proposition 3.7. The Casimir operator C' associated with the representa-
tion (Sg“,L) of osp(p+ 1,q + 1|2r) is given by

C = —[(—k+ dd)* — d(—2k + dS) + k* — 2k]Id + Ro T.

Proof. Since the Casimir operator C' commutes with the action of constant
vector fields on S¥, it has constant coefficients. Therefore we just collect the
terms with constant coefficients in (7)), with § = Lx. Using ([I0), we see
that these terms read

1 i) j
—[(=k +do)* —d(—k+d)lld -5 Y (=1)'p(0))p(0)),
i,j<p+q+2r
where p is given by (B]) and the result follows from a straightforward com-
putation of the last summand. O

3.3. Spectrum of C. In the purely even context, it was shown in [9] that
the Casimir operator C is diagonalizable. Indeed, in view of Proposition
37 this amounts to show that the operator R o T' is diagonalizable. But
the eigenspace decomposition of this operator is given by the decomposition
of the space of symmetric tensors into spherical harmonics. In the super
setting, this decomposition still exists and C' is diagonalizable provided the
superdimension does not belong to —2N. We compute in general the minimal
polynomial of C' to obtain its spectrum also in the latter special situation.
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Definition 3.8. For any k,s € N, we set
bis = 2s(d+ 2(k — s — 1)). (21)

Lemma 3.9. For any k € N and s € {0,..., | 5]}, we have

S
RS+ o sl H(R oT — ), (22)
=0
on 85.
Proof. The result holds for s = 0 since by o = 0. Now we have
RS+1 OTS+1 —Ro [RS7T] OTS+ROTORSOTS.
We can compute that [R*, T gr-2s = —bj, sR* | gr-2. and the result follows
5 5
by induction. O

Definition 3.10. For any k,s € N, we set
pss = —[(—=k + dd)* — d(—2k + dS) + k* — 2k]Id + by, . (23)
Proposition 3.11. The minimal polynomial of C’|3(1sc 18

[k/2]
H ( — aps,s) -
s=0
In particular, the spectrum of C’|3£C is {ags5: 0 < s < [Kk/2]}.

Proof. By Proposition B.7 and Lemma [3.9] we see that the considered poly-
nomial annihilates the operator C| Sk If it was not minimal the operators

(RoT)!, for 0 <1 < [k/2] would be linearly dependent and so would be
the operators R o T" (still by Lemma [B3). But this is not possible since we
have clearly ker TV~ \ ker T' # () for 0 <1 < |k/2]. O

Remark 3.12. We can compute easily that two roots ay, s 5 and oy, o 5 of the
minimal polynomial coincide when s = s’ or

2(s+ ) =d+2k—2. (24)

Since s and s are in {0, ..., £}, @) has solutions only when d is less than
or equal to 0 and even, the simplest example being d = 0, £k = 2, s = 0
and s’ = 1. In this case, the Casimir operator C| sk is not diagonalizable.

However, it also follows from (24]) that the multiplicity of the roots of the
minimal polynomial of C/| sk is at most two.

4. CONSTRUCTION OF THE QUANTIZATION

In [9], the harmonic decomposition of symmetric tensors was used to
prove that the Casimir operator C' of so(p + 1,q + 1) is diagonalizable,
and the quantization was built by associating an eigenvector of C to every
homogeneous eigenvector of C. We showed in the previous section that the
Casimir operator C' of osp(p + 1,¢ + 1|2r) is not diagonalizable when the
superdimension belongs to —2N because the harmonic decomposition does
not exist in such cases. Here we will naturally adapt the method of [9] by
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defining the quantization on generalized eigenvectors of C' and by replacing
the eigenvector equation [9, Eq. (5.7)] by a generalized eigenvector equation.
Before stating the main result, we define resonant values of the parameter

d as in [9].
Definition 4.1. A value of § is resonant if there exist k,l,4,7 € N with
[ < k such that ay; s = ay ;s

The following result shows that when the superdimension is not zero, the
resonant values are nothing but the ones in the classical situation (see [9}
p. 2009]) up to replacement of the dimension n by the superdimension d.

Proposition 4.2. If d # 0, then the set of resonant values of 9 is
R ={0k1s¢: k,l,s,t €Nk > 1,25 < k,2t <},
where

k+l+d—1+s+t (t—s)(d—2—2(t+s)+k+1)
Okl st = +
d d(k —1)
If d = 0, any value of 0 is resonant since a1 95 = ag,,5. Moreover, it turns

out that the whole equivariant quantization problem does not depend on 9.
We will discuss this special case in and assume from now on that d # 0.

Theorem 4.3. If § is not resonant, there exists a unique osp(p+1,q+1|2r)-
equivariant quantization from Ss to Dy .

Proof. First we observe that for any k € N, the space Sg‘ is decomposed into
a direct sum of generalized eigenspaces of C, that is
SF = @ ker(C — ag; 51d)?,

(see Remark B.I2]). Then for every S € 85 Nker(C — ay.; 51d)?, there exists
a unique S = Sp+Sp_1+---+5p € ker(C — ak7i751d)2 such that S, = .S and
S) € S(l; for all I < k — 1. Indeed, these conditions read S = S and

(C — Oék,i,(gld)25k,l = —(CON +NoC — 204k,i,5N)Skfl+1 — N2Sk,l+2, (25)
where Siy 1 =0and S; € S(lS for all 1 € {1,...,k}. As J is not resonant, the
operators (C' — ay;sld)| g1 are all invertible and therefore this system of

s

equations has a unique solution.
Now, define the quantization Q by

~

Qlier(C—ay ;. 510)2(5) = S.
It is clearly a bijection and it also fulfills
QoLxn=LxnoQ forall he osp(p+1,q+1[2r).
Indeed, for any S € Sgc N ker(C — ay;s1d)?, the tensors Q(Lyx»S) and
Lxn(Q(S)) share the following properties:

e they belong to the space ker(C — ak,i,gld)Q because, on the one hand,
C commutes with £y for all h and, on the other hand, C' commutes
with Ly for all h.

e their term of degree k is exactly Ly»S.

The first part of the proof shows that they have to coincide. O
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Remark 4.4. Equation (23] allows us to compute the quantization of gener-
alized eigenvectors of C'. It is easy to see that if we start with an eigenvector
S e Sf Nker(C' — ay; 51d), this equation reduces to the usual one, namely

(C — i 6ld)Sp—y = =N Sg_141. (26)

5. EXPLICIT FORMULAE

Let us now provide explicit formulae for the quantization for symbols of
degree at most two. We first consider the generic case d # 0 and then we
deal with the special case d = 0.

5.1. Nonzero superdimension. We begin with the quantization of sym-
bols of degree one. Remember that the divergence operator can be extended
to Sg“ for every k and ¢ by

p+q+2r L
div: 8§ = SF 1S > (-1)i(e9)d, S, (27)
j=1
Proposition 5.1. Whend # 0 and 6 # 1, the osp(p+1, g+1|2r)-equivariant
quantization on Sg s given by

A
Q = QAH O (Id+ 1_ 5d1V)
When § = 1, the quantization does not exist unless A = 0.

Proof. We just solve Equation (26]) and compute that N| st =—2Addiv. O

For symbols of degree two, we will need to use the superization of well-
known operators.

Definition 5.2. The gradient operator and the Lapacian are defined by the
following formulae:

p+q+27ﬂ = N
G: Sy =8 S Y (~1)e v ,s, (28)
Jj=1
p+q+2r
A:SF S S > wolei e)0,;0,S. (29)
j=1

Moreover, we set Gp = GoT and Ag = AoT.
The result is then the superization of the classical one in [9].

Proposition 5.3. Ifd # 0 and § is not resonant, then the osp(p+1, g+1|2r)-
equivariant quantization on Sg 18

Q = Qag o (Id + a1Go + aodiv + agAg + a4div2),
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where the coefficients are given by

d(2A+6—1)
T s —2)(d6 —1) —2)’
—(Ad+1)
“@T A1) —2
dN(2 + (4N — 1)d + (—6% — 3AJ + 2X\ + 25 — 1)d?)
T 206 —1) —1)(d(20 — 1) — 2)(dd — 2)(d(6 — 1) — 2)’
" AN(d\ + 1)

2(d(6—1)=1)(d(6 —1)—2)°

Proof. First we write any symbol S € Sg as a sum of eigenvectors of C"
1

S =821+ 8520, where Sy = Q_dR o T(S).

Solving Equation (26]), we obtain that the quantization is given by

1 1
Q(S) = Qar(5 + 2(ds — 2) S+ 4(do —2)(2d6 — d — 2) St
1 2
T [ B

We then conclude easily by using straightforward relations that hold on Sg:
N = —=2(Ad+1)div+ Gy, divo RoT = 2G, Goo RoT = 2dGy, and finally
divo G = Ay. O

5.2. The case d = 0. Let us start with symbols of degree one. We know
from Proposition B.7] that C' vanishes on Sg and Sg so that the situation is
resonant for every §. However, by Proposition B4l the map ~ vanishes on
Sg so that Qag defines an equivariant quantization on Sg. Moreover, since
divX" =0 for all h € ®(osp(p-+1,q+1|2r)), the osp(p-+1, ¢+ 1|2r)-modules
S} and S are equivalent (see formula (). Finally, the fact that div is a
1-cocycle of the cohomology of Vect(Rp+q‘2r) valued in superfunctions gives

Lx(divS) = div(LxS5)

for every symbol S and every divergence-free vector field X. We thus obtain
a whole 1-parameter family of quantizations at order one.

Proposition 5.4. If d =0, then for any t € R, the map
Q: S5 — Dy, S Qag(ld + tdiv)(S)
defines a osp(p + 1, q + 1|2r)-equivariant quantization over RPHI2r,

For symbols of degree two, it follows from Proposition B.I1] that the min-
imal polynomial of C' on 8% is given by (z + 4)%.. Thus —4 is a root of
this polynomial with multiplicity two, the restriction of C' to this space of
symbols is not diagonalizable and we have to use Equation (23]).

Proposition 5.5. If d =0, the map
1
Q: 8§ = D3 0 S — Qag(ld + 5 div)(9)

defines a osp(p + 1, q + 1|2r)-equivariant quantization over RPHI2r,
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