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Generalized Casimir operators for loop Lie
superalgebras

Abhishek Das and Santosha Pattanayak

Abstract. Let g be the queer superalgebra q(n) over the field of complex numbers C. For any
associative, commutative, and finitely generated C-algebra A with unity, we consider the loop Lie
superalgebra g ® A. We define a class of central operators for g ® A, which generalizes the classical
Gelfand invariants. We show that they generate the algebra U(g ® A) 9. We also show that there are
no non-trivial g-invariants of U(g ® A) where g = p(#n), the periplectic Lie superalgebra.

1 Introduction

The theory of Lie superalgebras primarily arose from an attempt to understand the
mathematical foundation of supersymmetry in theoretical physics. The literature has
been developed substantially since then. Representation theory of Lie superalgebras
plays a crucial role in quantum optics and many other areas of theoretical physics,
notably in string theory. A comprehensive description of the mathematical theory of
Lie superalgebras is given in [8], containing the complete classification of all finite-
dimensional simple Lie superalgebras over an algebraically closed field of character-
istic zero. For generalities of the theory of Lie superalgebras and supergeometry we
refer to [11] and [5], respectively.

Loop (super)algebras are of great importance in the literature. Affine Kac Moody
Lie (super)algebras can be realized by means of an affinization technique on Loop
superalgebras. In superstring theory a particular type of Loop superalgebras, namely
the superconformal algebras are invaluable tool. By definition, they are tensor product
of finite dimensional simple Lie superalgebras with the algebra of Laurent polynomi-
als. For a survey on finite dimensional representation theory of loop algebras we refer
to [17].

In this article we deal with Loop superalgebras associated with the superalgebras
belong to the strange series in Kac’s classification, namely the queer and periplectic Lie
superalgebras. By definition, a loop superalgebra is of the form g ® A, where g is a Lie
superalgebra and A is an associative commutative finitely generated C-algebra with
identity. When g is a basic classical superalgebraand A = C[#{, ..., t3'], the Laurent
polynomial algebra in d commuting variables, a complete classification of irreducible
finite dimensional modules for g ® A is given in [17] and [12]. They turn out to be
evaluation modules at finitely many points except in types A(m, n) and C(n). In [16],
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Savage classified irreducible finite-dimensional representations of equivariant map
superalgebras in the case where g is a basic classical Lie superalgebra. As a special
case, his results give the classification of the irreducible finite-dimensional modules
for the twisted loop superalgebras, and in particular generalize the classification
results obtained in [15] and [12]. In [2], the authors classified finite-dimensional
irreducible representations of equivariant map queer Lie superalgebras. While in the
basic classical setting those irreducible modules were isomorphic to tensor products
of generalized evaluation modules, in the queer case they are irreducible products
of evaluation modules. In [1], the authors completed the classification of finite-
dimensional irreducible modules of equivariant map superalgebras by describing
these modules for the periplectic superalgebra.

In [14], Rao defined a set of operators for the Loop superalgebra g ® A, where gisa
contragredient Lie superalgebra, and called them the generalized Casimir operators,
generalizing his work in [13] for Lie algebras. In particular, specializing to the case
where g = gl(m|n), he defined a set of central operators Ti(ay, ..., ax) for a; € A,
in the universal enveloping algebra U(g ®A) of g ®A, using the construction of the
Gelfand invariants in the center of U(g) and conjectured that these central operators
generate the algebra of g-invariants of U(g ®A). In [10], the authors gave a proof of
this conjecture and gave a spanning set for the space of invariants U(osp(m|2n) ®
A)OSP(m2n) yhere osp(m|2n) is the orthosymplectic superalgebra and OSp(m|2n)
is the corresponding supergroup.

In the current article, we study U(g ®A)? corresponding to the strange series of
superalgebras, i.e., g is either q(n) and p(n). Using the Schur-Weyl-Sergeev duality,
we first derive the tensor version of the first fundamental theorem (FFT) of invariant
theory for q(n) which gives a spanning set for (V& @ (V*)®*)da(") k > 1, where
V =C" @ C" is the defining representation of q(n). Using this version of FFT, we
give a spanning set for U(q(n) ® A)%("), We define a set of central operator for
U(q(n) ® A) which are similar to the central operators defined by Rao in [14] in the
case of gl(m|n). We show that these central operators generate U(q(n) ® A)9(") as
an algebra. Specializing to A = C, these central operators give an algebra generating
set for the center of the universal enveloping algebra of q(#). We mention that a set
of algebra generators of the center of q(#n) is given in [18] without a proof. These
operators are helpful to understand the tensor product decompositions of g-modules.
In fact these central operators when applied to a certain tensor product of q(#n)-
modules move one highest weight vector to another highest weight vector.

The periplectic Lie superalgebra p(n) is a superanalog of the orthogonal or sym-
plectic Lie algebra preserving an odd non-degenerate symmetric or skew-symmetric
bilinear form. In [9], Moon proved a Schur-Weyl duality statement for p(n) by
introducing an algebra called the periplectic Brauer algebra which plays the role
of Brauer algebra as in the case of orthogonal and symplectic Lie algebra or in
the case of the encompassing orthosymplectic Lie superalgebra. In [4], Deligne
et al., proved the tensor version of the FFT for the periplectic Lie supergroup, hence
thereby giving a spanning set for (V®2%)P¢(V) where V = C" ® C" and Pe(V)
is the periplectic supergroup which is by definition the subgroup of GL(V') pre-
serving a non-degenerate odd symmetric form on V. Using these results, for an
associative, commutative and finitely generated C-algebra A, we show that the only

Downloaded from https://www.cambridge.org/core. 11 Feb 2025 at 16:33:13, subject to the Cambridge Core terms of use.


https://www.cambridge.org/core

Generalized Casimir operators for loop Lie superalgebras 3

p(n)-invariants of U(p(n) ® A) are the elements of C. We note that from the work
of M. Gorelik it can also be derived that the centre of p(n) is trivial (see [7]).

We briefly describe the contents of each sections. In Section 2, we give prelim-
inaries of queer Lie superalgebra and recall the Schur-Weyl-Sergeev duality for
q(n). In Section 3, we define loop superalgebras and describe a spanning (resp.
algebra generating) set for U(g ® A)® starting with a homogeneous basis (resp. a
set of homogeneous algebra generators) of [T(g)]®. In Section 4, we prove the
tensor FFT for the the queer superalgebra. In Section 5, we give a spanning set for
U(q(n) ® A)9(", define a set of central operators in U(q(n) ® A) and show that
these central operators generate the algebra U(q(n) ® A)%("), In Section 6, after
recalling the definition of the periplectic Lie superalgebra p(#), we show that the only
p(n)-invariants of U(p(n) ® A) are the constants.

Notation: Throughout this article, we work over the field of complex numbers C.
All modules and algebras are defined over C and in addition all the modules are of
finite dimension. We write Z, = {0,1} and use its standard field structure. We put
(-1)° =1and (-1)! = -1.

2 Preliminaries

2.1 Queer superalgebra

For a positive integer 1, we set I, := {-1,...,-n,1,2,..., n}, on which we define the
parity of i € I, tobe|i| = 0if i > 0 and |i| = 1if i < 0.

Let V := C" ® C" be the superspace with standard basis v; of parity i for i € I,,.
Its endomorphism ring Endc (V') is an associative superalgebra with standard basis
E;j of parity |i| +|j| for i, j € I;,. It is also a Lie superalgebra under the standard
supercommutator

[x, 7] = xy - (-)yx,

for all homogeneous x, y € Endc (V). It is denoted by gl(n|n).

The queer superalgebra q(#) can be defined in two ways. The map E;j — E_; _;
is an involutive automorphism of gl(n|n) and we define ¢(n) to be the fixed point
sub-superalgebra of this automorphism.

Alternatively, we define P:V -V by Pv;=(-1)Mh_; and q(n):={fe¢
Endc(V) : [f,P] =0}. It is closed under the superbracket and we call it the queer
superalgebra.

With respect to the ordered basis B := Bj U By = {e_1,...e_,, €1, .., €, }, the oper-
ator P can be written in matrix form as

(% o)

and q(n) can be expressed in the matrix form as

q(n) = {(2 i) : A, B are arbitrary n x n matrices} .
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In terms of basis elements of gl(n|n) wehave P = E_,, , + E_(,_1),y—1 + -+ E_1,1 =
Ej_1 — = Epn,_y. Note that q(n) as the Lie sub-superalgebra of gl(n|n) is spanned
by F;j == E;j + E_; _j for i > 0. Note that we have F;; = F_; _; = F_; _; forall i, j.

The superalgebra gl(n|n) and hence q(#) acts on V by matrix multiplication and
on the k-fold tensor product V®* by

(2.1)

k
X - (Vl RV Q- ® Vk) - Z(_1)(|V1|+"'+\ijl|)\"|vl @V, @ ®@XV;®Vjy ® BV,
j=1

where the elements x € q(n) and v; € V are all homogeneous. We then extend to all
of q(n) acting on all of V®* by linearity.

2.2 The Sergeev superalgebras

Let Sy be the symmetric group on k letters. It is generated by the transpositions
Sly+..»>Sk_1, where s; = (i,i+1) forall i.

The Sergeev superalgebra Ser is the associative superalgebra generated by
St>--.> Sk and ¢y, . . ., Ck-1, ¢ with the following defining relations:
o sT=1, 851415 = Si+15iSi41 sisj=sjsi (|li—jl>1),
e ci=-1 cicj=—cjci, (i #j)
* SiCiSi = Ci+1, SiCj = CjSi, jii,i-‘rl.
The generators sy, . . ., sx_; are regarded as even and the subalgebra generated by them
is isomorphic to the group algebra C[Si] of Si; the generators ¢, ..., cx_1, ¢k are
called odd and the C-subalgebra generated by them is isomorphic to the Clifford
superalgebra Clj.

The Sergeev superalgebra Sery is isomorphic to the superalgebra C[Sy] x Cly,
which is C[ Sy ] ® Cly as a superspace with the multiplication given by

(0®ci...ciy (T®Cj,...Cj,) = OT® Cri(iy) -+ Cr1(1)Cy -+ Cjs

where 1 < i, j; < k.
The superalgebra Ser has as basis the elements which can be written in the form
ot ...ci" where 0 € Sy and ¢; € Z, for all i.

2.3 Action of the Sergeev algebra and Schur-Weyl-Sergeev duality

The symmetric group Sy acts on the k-fold tensor product V& by

2.2)
si- (M@ ® v, 0v,®-ev)=(-)"l"ly ey, e v, eve- o,

where v;’s are Z,-homogeneous. We then extend the action to V®* by linearity.
More generally the action of S; on V& is defined as follows: for o € S; and
homogeneous v = v; ® v, ® - ® vy, the action of o on v is given by:

o (@ 8) = (- (vya) ® - ® Vorr(hy)s
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where y(v,07") = I1(i,j)etnv(o) [vil|v;], with Inv(o) = {(i, j):i < jand o (i) > o(j)}.
It can be easily verified that y(v,07) = y(07'v, 1) + y(v, 0) for two permutations ¢
and 7.

The generators c; acts on V® by

cj- (ne- Vk) - (_1)\V1\+-..+|w—1\vl ® - ®Vji® P(Vj) ®Vit1 ® Vjs2 ® =+ ® V,

where vy, ..., v € V are homogeneous elements and we then extend the action to
V@ by linearity.
More generally, for ; € Z, i =1,..., k, we have

't (e @) = (—1)2">i£"|"1"P“v1 ® -+ ® Py,

The actions of S and Clj give rise to a left action of the Sergeev superalgebra Sery
on V®*, S0 we get an algebra homomorphism

¥, : Ser; — Endc(VEF).
We record that for a basis element 67! ® ¢} . ... c,i" € Sery, we have
(67 @c...c) (n @@y = (-1)Y e alilprawy ()@@ Py, ).
Let End,(,,)(V®*) be the centralizer algebra of the q(n)-action on V®*. That is
Endq(,,)(V®k) i= {f € Endc(V®):xf = fx, forallxeq(n)}.

Let p: q(n) - Endc(V®F) be the superalgebra homomorphism induced from
the action of q(n) on V. In [16], Sergeev proved the following double centralizer
theorem along the lines of the Schur-Weyl duality for the queer superalgebra.

Theorem 2.1 Let p : q(n) — Endc(V®*) and ¥, : Sery — Endc(VEF) be the maps
defined as above. Let A be the image of ¥y and let B be the subalgebra of Endc (V%)
spanned by the image of p. Then A and B are centralizers of each other.

Remark 2.2 It may be noted that in the statement of the above theorem we consider
the left action of the Sergeev algebra whereas Sergeev considers the action from the
right and uses Serzp instead.

3 Loop superalgebras
3.1

Let g be either a simple Lie superalgebra or gl(m|n), or any Lie superalgebra among
q(n) or p(n). Let A be an associative, commutative and finitely generated C-algebra
with unity. Then g ® A has a natural structure of Lie superalgebra:

[x®a,y®b]=[xy]®ab, forx,ycg,a,becA.

With this the even part of g® A is (g), ® A and the odd part is (g), ® A. Let
g=n"®bh®n* be the standard triangular decomposition of g. Then g® A = (n™ ®
A)o (h® A)® (n” ® A) is a triangular decomposition of g ® A.
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3.2

Let T(g® A) = @2, T (g ® A), where T¥(g ® A) = (g ® A)®, be the tensor alge-

bra of g® A and let U(g ® A) be the enveloping algebra of g ® A. The universal

enveloping algebra of g ® A is a quotient of the tensor algebra T(g ® A) modulo

the two-sided ideal I generated in T(g® A) by all elements of the form x ® y -

(-1)Hy @ x — [x, y], where x,y € g® A. Note that T(g® A) has a Z,-grading

extending that on g ® A. Since the ideal I is homogeneous, U(g ® A) is Z,-graded.
We have a natural surjective algebra homomorphism:

n:T(g®A) - U(g® A).
Let
U(ge A)? ={y e U(g®A):[x,y] =0, forallxceg}

be the subalgebra of g-invariants. Note that it is naturally Z,-graded.

If we take A = C, then U(g ® A)? reduces to U(g)?. Using a PBW basis, we see
that if an element of U(g) supercommutes with all elements of g, it supercommutes
with all elements of the PBW basis. So U(g)? is the center of U(g), which we denote
by Z(g).

Let h=ho+bh; be a Cartan subalgebra of g and g=n"@bhen* be a tri-
angular decomposition of g. We note that for basic Lie superalgebras b = by,
whereas for g=q(n) and p(n), b #0. Let {x1,%2,....xm}> {h,has....hn},
and {y1,y2,...,y,} be homogeneous bases for n”, h and n* respectively. Then
the monomials x{'...x5hi'... Ky ... y}t," , where the exponents of the even
elements runs through the set of all positive integers, and the exponents of odd
elements ranges over {0,1}, form a PBW basis of U(g). The monomials where
r=-=ry=t=--=t,=0form a basis of U(h), while the set of all remaining
monomials is a basis of (n"U(g) + U(g)n™). This yields a decomposition of U(g) as
U(g) =U(h)® (n"U(g) + U(g)n"). The Harish Chandra homomorphism HC is
the restriction to the center Z(g) of the projection map n: U(g) — U(h) with kernel
(n"U(g) + U(g)n*). With the identification of U(h) to the symmetric algebra
S(h), it is well known that for all basic Lie superalgebras and q(n), the image
of the Harish Chandra homomorphism is contained in the commutative algebra
S(ho) (see [3, Sections 2.2 and 2.3]). Since the Harish Chandra homomorphism is
injective, it follows that the center Z(g) = U(g)? comprises only even elements,
hence U(g ® A)® also contains only even elements. For an alternative proof of this
fact, we refer to [20, 3.2, Proposition]. It is known that the center of U(p(n)) = C (see
[7]). We give an alternate proof of this fact in Section 6. Therefore, it now follows that
the center of U(g®A) contains only even elements for all basic Lie superalgebras,

q(n) and p(n).
3.3
®k]

Forany 0 € [g®*]%,0 = ¥, x{ ® x, ® - ® x| and for any aj, a,, . .., a € A, we define

0(ar, az...,ax) =Y. (x{ ® a)(xs ®a;) ... (x; ®ay) € U(g® A).

1
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The element O(aj,as,...,a;)=3;(xi ®a)® (xi®ay) ® - ® (x} ®ag) €
T(g® A) maps to 0(ay,as,...,a;) under the surjective map 7 and since
[x,0(ay, az,...,a;)] =0 for all x € g, we get that [x,0(ay, as,...,a;)] =0 for all
x € g. Hence, we have

0(as,az,...,ar) e U(g® A)".

We then have the following proposition.

Proposition 3.1  Let g be a simple Lie superalgebra or gl(m|n), or any Lie superalgebra
among q(n) or p(n). Then the subalgebra U(g®A)? is spanned by 0(ay, a,, ..., ax),
k>0anda; € Afori=1,2,...,k where 0 runs over a homogeneous basis of T(g)®.
Further, the subalgebra U(g ®A)9 is generated as an algebra by 0(ay, as, ..., ax),
k>0anday, a,...,a, € A where 0 runs over a set of homogeneous algebra generators

of T(g)*.

Proof The map
n:T(g®A) > U(g®A).

is surjective. By using the PBW basis for U(g ®A), we see that 7 splits. So we have a
surjective degree preserving algebra homomorphism

T(g®A)® > U(g®A)°.

Note that T(g ®A)? is a graded algebra and the grading comes from the grading of
T(g)9. Since g®Ca; = g as g-modules, (§®Ca;) @ (§®Cay) ® - ® (g®Cay) as a
g-module is isomorphic to g ® g ®--- ® g. Then the spanning (resp. algebra generat-
ing) set of T'(g)® maps to a spanning (resp. algebra generating) set of U(g®A)?. m

4 Tensor FFT for Queer Lie superalgebra

In this section after listing out some isomorphisms that we require in this note,
we prove the tensor version of the first fundamental theorem of the queer Lie
superalgebra.

4.1 lIsomorphisms

Let V be a super vector space over C.

1. We have V ® V* = Endc (V) defined by (v,¢) = T(, 4) where T, 4y(w) =
¢(w)vforv,we V.

This implies that End¢ (V)& = (V@ V*)® for k > 1.

2. For two super vector spaces V and W, we have an isomorphism V@ W - W ®
V defined by v ® w ~ (-1)/"I"lw ® v, where v and w are homogeneous elements of V
and W, respectively.

3. Let V and W be two super vector spaces. For simple homogeneous tensors
V=18 ® --®vie Ve andw =w; ® w, ® --- ® wi € W, we define p(v,w) =
Z;‘;l dj(v,w) where dj(v,w) = |wj[(|[vjn| + -+ |vi]), for 1< j < k-1 We extend
this definition by linearity to arbitrary tensors.
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We have an evaluation map (V*)®* x V&  C defined by:

(i®fr®® fior1 ®v, ® @ vi) = (1) fi(n) ... fe(vi),

where f= fi® f,® - ® f,andv = v; ® v, ® --- ® v for homogeneous elements f; €
V* and v; € V. This evaluation map extends to a non-degenerate bilinear form and
hence we get an isomorphism between (V*)®* and (V&F)*.

4. Let 7 be the permutation which takes (1,2,...,k, k+1,...,2k) to (7(1),
7(2),...,1(k), 7(k +1),...,7(2k)) = (1,3,5,...,2k = 1,2,4,6,...,2k). By apply-
ing the permutation 7to (V@ V*)® = (Ve V)@ (Ve V') e (Ve V*) we
get a Endc (V)-module isomorphism between (V ® V*)®F and V& ® (V*)®*, We
then have

Endc(V)®* 2 (Ve v*)®k 2 vek g yrok,

Letv=v1®@v,® - ®viand f = fi® f, ® - ® fr. Then the map in the reverse
direction is defined by v ® f = (-1)?"H (1, © i) ® (1, ® £,) ® - ® (v ® fi).

Remark: All the isomorphisms mentioned above are in particular g(n)-
equivariant.

4.2 Tensor FFT

The tensor version of the first fundamental theorem (FFT) of invariant theory (see
[6]) for q(n) describes a spanning set for (V& @ V*®k)a(") which can be derived
from the Shur-Weyl-Sergeev duality described above.

For n >1,let V =C" ® C". Then Endc (V') = gl(n|n). We take the standard basis
of Vas{e_1,...,e_n, e1,...,e,} and we denote the index set for this basis by B. Put
li| = 0 if i > 0 and 1 otherwise. The Z,-gradation of V is defined by setting |e;| = [i.
The standard basis of Endc (V') consists of the matrix units E;; where E;jex = djie;.
Note that Endc (V) is also Z,-graded by |E;j| = |i| + .

To every basis element of the Sergeev algebra Sery, we wish to associate an
element of V® ® V*® In order to avoid cumbersome notations, we let ¢ denote
the element ¢ ...c;*. Let {i1,...,ix} be a multi-subset of B of cardinality k. The
basis element of V&* which corresponds to I is e := ¢;, ® --- ® e;,. We simply write
y(I, o) for y(er, o). For any two length-k multi-subsets of indices I = {ij, ..., i} and
J={ji>---,jx} of B, we define p(1,]) = p(er. e;).

Now we assign the element 0~! ® ¢ € Sery to the following element:

k * *
(4.1) f((r?)c = Z C(C,I, 0)(Psa(1) Cipy ® 7 ® Peo) eo(ik)) ® (eil R ® eik))
I

where I = {iy,..., i} runs over all multi-subsets of B of cardinality k and

(e, 1,0) = (—1)Y B+ Zereddei+p (L)

With the notations just introduced, the first fundamental theorem for q(n) is stated
below.
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Theorem 4.1 For all o € S, ¢ € Cly, we have that El(fk) e (V& @ v*ekyaln  gnd

-1¢

the space (V& ® V*®k)1(") js spanned by the set {E,(]’f?’c:c €Cly, €8}

Proof By the isomorphisms (1) and (3) in the previous subsection, we have an
isomorphism @: V& @ V*®k  Endc(VeF).

Since the tensor product action of q(#) on V ® V* corresponds to the adjoint
action on q(#), ® induces an isomorphism @ to the subspace q(#)-invariants:

(4.2) o: (V®k ® V*®k)q(n) - Endc(V®k)q(n) = Endq(,,)(V®k).

By Schur-Weyl-Sergeev duality (Theorem 2.1), we have ¥y (Sery) = End () (V®*).
We claim that ® maps El(]lffc to Yx (07! ® ¢). To show this, we take ] = {j1, j2, .- - jk }
and then we have

k
®(£,(r?,c)(ej1 ® - ®e¢j) = ZI: (e, 1, o)(P Ve, ® - @P*"We; )

®(e;® --®e;)(ej, ®-®ej,)
=3 (-1)PPDe(c,Lo)[e} (e;,) ... e} (ej,)]
I

— B +Zs> s|€j 4 4
= (PO Telal (P, @0 Pe, )

= “I"k(Ofl ® C).
Since the isomorphism @ is q(n)-equivariant, for all x € q(#n), it follows that
O(x- &8 Y =x 0" ) =[x, ¥ (e ®c)] =0.

The last equality is valid as Wx(0™' ® ¢) € Endy(,,) (V®*). Since © is injective, we
conclude that Eglf? L€ (VO @ v*e)a(m forall o € S, ¢ € Cly. Since @ is an isomor-
phism and the elements 07! ® ¢ span the Sergeev superalgebra Sery, it follows that the
set {Egk) :c € Cly, o € S} spans (V&k @ v*®kyaln), [

5 The q(n) invariants of the universal enveloping algebra

Let V be the vector superspace C" @ C". Then Endc (V) = gl(n|n). We have a q(n)-
equivariant epimorphism ¢: gl(n|n) — q(n) givenby E; j = F; ;. AsEndc(V) 2 V ®
V* (Ei,; identifies to e; ® e]), ¢ induces a surjective map (also denoted by ¢) (V' ®
V*)@k N q(n)®k.

Let A be an associative, commutative, and finitely generated C-algebra with unity.
For k e Nand ay, a,, ..., a; € A, we define

k
c$ )(al,...,ak)
= Z(_1)|i2|+m+‘ik|(Fil,iz ® al)(Fil,iz ® al) s (Fik—lyik ® ak—l)(Fik,il ® ak)’
1

where the sum is over all the multi-subsets I = {i}, i,..., i} of B of cardinality k.
Note that Cflk)(al, ..ag) €U(q(n) ® A).
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Itis easy to see that [ x, C,(qk)(al, ...,ar)] =0forallx € q(n)and a, a;,...,ar € A
and so Cf,k)(al, ... a;) € U(q(n) ® A)3") These central operators generalize the
classical Gelfand invariants for the general linear Lie algebra. We call them the
“generalized casimir operators” for q(n). In fact, as in the classical case, in this
section we show that these central operators generate U(q(n) ® A)") as an algebra.
We proceed to describe a spanning set of U(q(n))%™). First we introduce few
notations.

« For a k-length multi-subset I = (iy, ..., ix) of B, we put J; = (i, i3, . .., ix, i)
o For o € S and ¢ € Cl, we set

J17% = ((F1)%®ig (), (1) D igry, . os (1) D ig 4 yy).

e Setv(c,I,0) = ¢(c, I, 0) (~1)PUr*IN+Zedenl where ¢(c, I, o) is defined in Equa-
tion (4.1).

o Let C((I]f,)  denote the following element in U(q(n)):

*®
(5.0) o - ZI:V(C’I’”)F (1) gy, T (1) 00 i1

.. .F(il)sa(k72) ia(k—2)xik F(il)sa(k—l) in-(k—l))il >

where the sum is over all the multi-subsets I = {i}, i3, ..., ix } of B of cardinality k.

Theorem 5.1  The space U(q(n))%") is spanned by the set described below:

U{(glfl),t:c €eCly, o¢ Sk}.

k>0

Proof We have a canonical projection map T(q(n)) - U(q(n)) which respects
the gradings of both the algebras. Since the grading of T(q(n))%" is induced from
that of T(q(n)), we obtain a degree preserving algebra epimorphism T'(q(n))%(") —
U(q(n))3. We claim that the kth-graded component of T(q(n))%("), ie.,
(q(n)®%)3(") is spanned by the set {n(k) :c € Cly, 0 € Sy} with

a7 lc
(k) _
’10—1,‘: = ZI: V(C, I, O‘)F(il)fa(k) (k) iz ® F(il)so'(l) ig(1)»is

®:-Q F(il)%(k—z) in(k—z)’ik ® F(il)‘a(k—l) io(k—l)ail .

To prove the claim we note that by Theorem 4.1, the space (V& @ V*®k)a(n) jg
k)

-1¢

spanned by the set {Ef} :c € Cly, o € Sy}, where

“l¢ ik

£8) = Se(e, o) (Pee; @@ P, ;) @ (ef @@ el),
1

and the sum is over all the multi-subsets I = {i}, i3, ..., ix } of B of cardinality k. Let
7 € S, be the permutation defined by:

(7(1),7(2),...,7(k), 7(k +1),7(k + 2),...,7(2k))
=(3,5,...,2k - 1,1,2k,2...,2k - 2).
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By applying 7 to (V@ V) =(VeV)e(VeV)e® o (Ve V*), we get
a q(n)-module isomorphism between (V ® V*)®¥ and V& @ V*®k So we get
(Ve v*)ek)yaln x (yek g y+*ekya(n) - Under this isomorphism the element

Egk) € (V& @ v*@)a(n) maps to ng) in (Endc(V)®%)9(" where

-1¢ -1¢

k o®c * *
0] =3 ¢(e. Lo)(-)PUTIN (Prte; @el) ® (Pe0e; , ®e})
I

e
®Q® (Ps"(k’l) €o(ix1) ® e:)

Using the fact that P*e; = (-1)%l¢ile_; for each i and the identification Ejj=e;i®c¢],
we get that

(5.2)
) _
Ot e = 2 v(€ LO)E oy i ® E(iyo iy iy
1

R Q E(_l)‘—n(k—z)i ® E(

o(k-2)>ik DD iy,

)

-1¢

Under ¢ the image of 0((7 in (q(n)®%)9(") is the following element:
(5.3)
k
’71(7*?,5 - z vie I, G)F(*l)s”(k) io(kyi2 ® F(*l)s”(l) ig(1)>13
T

®® F(_l)fy(k—z)i ® F(_l)‘a(k—l) i

o(k-2)>1k o(k-1)>01"

Since ¢ surjective, we get that {nf}’f?’czc € Cly, o€ S;} spans (q(n)®%)9(" This
means that the images of these elements under the canonical map T(q(n))%(") —

U(q(n))%" span the kth-graded component of U(q(n))%("™). By definition, the
)

: (k)
| o is the element {7 . Consequently, the result follows. [ ]

image of nff’f

Let A be a finitely generated associative commutative C-algebra with identity. For
ai,...,ax € A, we define:

(5.4)

k
(z(fl),c(al’ s ag) = 1‘%;1:}(6,[’ ) (Fayei, i ® ) (F iy iy © 62)

s (F(—l)sﬂ(k—l) o (k)i ® ak—l)(F(_l)‘a(k-l)i ® ax),

o(k=1)>11

where the sum is over all the multi-subsets I = {iy, i, ..., iy } of B of cardinality k.
With this notation, we have the following corollary.

Corollary 5.2 Let A be a finitely generated associative commutative C-algebra with
identity, and a = (ay,...,ax) be an arbitrary k-tuple. Then U(q(n) ® A)9(") is
spanned by the following set:

U U{(ﬁ-ljl)’c(ala ... ar):c€Cly, o€ Sk}.

k>0 acA
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Proof By the above Theorem, we see that U(q(n))%") is spanned by the set
described in formula (5.1). Therefore, it follows from Proposition 3.1 that U(q(n) ®
A)3(") is spanned by the elements given above. [ ]

Center of q(n)

In this subsection, we describe a set of algebra generators of Z(q(n)) = U(q(n))9(".
In what follows we denote the k-cycle (12... k) by g¢ and |e;| by just |i|.

Theorem 5.3  The centre Z(q(n)) is generated as an algebra by the following elements:
x e
Ci = S, L F B B
T

where k runs over the set of all odd positive integers and I over all multi-subsets of B of
cardinality k.

Proof  Choose an arbitrary basis element ¢ = ¢;* ... cf(“ of Cli. Then formula (5.3)
shows that the invariant associated with o' ® ¢ in (q(n)®%)(") is given by

k
(5.5) '757;‘,: = ZI: v(e, I, (Tk)F(_l)el inis ® ® Flyyewig, iy
We begin by calculating explicitly the element in Equation (5.6). In this case, the sign
v(c, 1, 0y) is given by

o®c

(5.6) v(e, I, 0 ) = (=1)YTo) PN pUISID*E eile [+ Dovr eslesy

Since Inv(oy) = {(1,k),(2,k),...,(k=1,k)}, it follows that y(I, or) = |i](|i2| +
igl).
By definition
P(LI) = [ir| (lia] + -++[ik]) + 22| ([is] + i) + - + |ika k]

We also have

Yoeslei + Y edei] = lin] (&1 + -+ &) + |in] (2 + -+ + &) + -+ + Jigex.
s>t t

Recall that J;7%¢ = ((=1)*® gy, (-1)W i), .., (1) %Dy ) for o € Sk
where J; = (iz,..., ik, i1). So for ¢ = oy, we get that
pUEE Jn) = il (I(-1) il + o+ [(=1) % ik]) + 15| (1) 2] + -+ + | (-1) % ik])
e [k | (1) .
Since |(~1)¢i| = € + |i| and |i|* = |i|, we get that
(5.7)
P, T) = (Jig] + |is] + -+ + |ik]) + i2|(e2 + -+ + &x) + - +]ix_1|(exor + k) + |ix|ex
+p(LI) - y(I, 0%).

= (o] + lis] + -+ [ik]) + Yo &cleq + 2 edles,| = (a1 + -+ + &) is] + p(LT) = (I, %)
t

s>t

So v(c, I, 0y) = (~1)(er=venlise(lisks-=+1icl)
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In particular, if c=c¢y...c, with 0##>--->t,, then v(c, I, o) =
(=1)mliallizl+likl Using this information we can rewrite Equation (5.5) correspond-
ingtoo =0y, andc=c¢y, ...cy, as
®F

-1ty “hpig s

(5.5a) S (-n)rlaklelelilp, oo F
1

®F

T ity 41

®-QF ®“'®Fik>i1'

Tty —1sity
In the sum (5.5a) we first replace i;, by —i;,, and then using the relation F; ; = F_; _;,
we replace the factor F, ®F_ in (5.5a) by F_ ® F;, , - Since for any

1< q <k, we have (-1)!al = —(=1)I=%l, this replacement will have the sole effect of
multiplication by —1. Performing the same operation inductively on i;,_; and then up
to on i, we can bring the negative sign to i; while keeping the signs of all intermediate
subscripts between i, and i;, positive. This implies that the sum (5.5a) is same as

(5.5b)
(_1)t1—1 Z(—l)mlil‘+li2|+"'+‘ile—il,iz ® - ®F
I

Ih-114 i 41 In-1>14 iy

iy-1in ® Fitlvit1+l

®"'®Fi,m m®F7 ®“'®Fik,i1‘

—Lit Pmsity, +1

Now, we repeat the same procedure in the sum (5.5b) with i, and then inductively up
to i, to obtain that the sum (5.5a) is same as:

(5.5¢) (_l)fﬁ"'ﬂm*m Z(_l)mlilHliZlerJrlile(—l)'"il,iz ®F, ,® ® Fik»il'
1

We denote by f the sum in (5.5¢) without the sign (—=1)*"*!»~" ‘When m is an even
integer, we have f = C,Sk). If m is odd we show that f = 0.
When m is odd, we have

f = Z(_1)|i1‘+|i2|+m+‘ile—ibiz ® Fiz»is @ ® Fikvil'
1

By changing the signs of all the subscripts and using F; ;= F_;_j, we get that
f = (=1)¥ f. Therefore, f = 0 when k is odd. We have the following identity:

[Foinin] = | = | + [i2] = 1+ [ia] + || = |Fiy iy @ - @ Fiy | + 1.
So, f can also be written as

f= Y ()i iE, @ Fiy iy © Py,
1

Now we replace i,, . . ., i by their negatives to obtain f = (=1)*~! f. This implies that
f =0 when k is even too.

To sum up, we have obtained that for any positive integer k, the element in (5.5)
corresponding to (0;' ® ¢, ... ¢4,,) is 0 when m is odd; and when m is even, it equals
either Cf,k) or —Cf,k). Therefore, for each k > 1, we associate to it the element Cf,k) .

Since the symmetric group Sy is generated by the cycles (12) = 05, and (12...k) =
Oy, it follows that any element of Uy, Sk can be written as a product of various oy’s
where k € N. The multiplication for the Sergeev algebra enables us to write (010, ®
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c)=(1®1)- (0, ® c),forany oy, 5, € Sg. As ¥y is an algebra homomorphism, we get
that n((,kc) = qff:(’)liy,(,f,)c. From here we conclude that the elements {CX: k € N} generate

Z(q(n)) as an algebra. |

Corollary 5.4  Let A be a finitely generated associative commutative C-algebra with
identity. Then U(q(n) ® A)(") is generated as an algebra by the following elements:

k i |4t |i
CS, )(al,...,ak) = Z (—1)'12|+ +‘lk|(F,'b,'z ®a1)®~"®(F,'k,il ®ak),
L|I|=k

where k runs over the set of all odd positive integers, ay, . .., ax € A are arbitrary, and I
runs over all multi-subsets of B of cardinality k.

Proof  Follows directly from Proposition 3.1. ]

Remark: Let V(1;),...,V(4,) be finite-dimensional irreducible modules for
q(n). Let A=C[t,t™'] be the algebra of Laurent polynomials in one variable,
and di,...,dn, be m distinct nonzero complex numbers. We denote the m-tuples
(Ms--osAm), and (di,...,d,,), respectively by A and d. Then V(A,d) = V(4;) ®
- ® V(L) isa q(n) ® A-module, where the action is defined by

(x®f(1) - M® - ®vm) = fld)(x-n® - @vy) + (DM f(d)(m@x v, 0 - @ V)
+oo ()Pl £0g Y (v @ - @ x - vy) for x ® f(£) € q(n) ® A and v; € V(A;).

Then V(A,d) with the above action is called an evaluation module. A proof
similar to the proof given in [14, Section IV, Part C] shows that the q(n) ® A-
module V(A,d) is irreducible. Moreover, if V(A,d) = @ e+ V(A,d), is the weight
space decomposition, where V(A,d), = {ve V(A,d):h-v =pu(h)v, ¥ h € b}, then
we have that

CO(pi(1), i) VL) € VL),
where V(,d); = {veV(A,d),:q(n)"v =0}, q(n)" is the sum of all root spaces,
pi is the Lagrange’s polynomial defined by p;(t) = [1j.;(t —dk)/(d; — di), for

1<i<m, il, ey ik € {1, ey m}, and Cﬁ,k) (pl, - ,Pk) = ZI(—l)‘iZHM*—lik‘Fil,iz (pl) ®
- ® Fj,_i,(pr), with Fp 4(pi) = Fpq ® p;. This means that the central operators

clp (pi,(),...,pi,(t)) send a highest weight vector to another highest weight
vector. This is an effective method of producing new highest weight vectors from a
given one. For details, we refer to [14, Section IV, Part D].

6 Invariants of the periplectic Lie superalgebra

6.1 Periplectic Lie superalgebra

The periplectic Lie superalgebra is the Lie superalgebra preserving an odd non-
degenerate symmetric or skew-symmetric bilinear form. It is thus a superanalog of
the orthogonal or symplectic Lie algebra.
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For neN, let V=C"@®C" equipped with a non-degenerate odd symmetric
bilinear form

B: VeV —>C,B(v,w)=B(w,v)and f(v,w) =0 for |v| = |w|.
Then p(V) is the Lie sub-superalgebra of End¢ (V') preserving 3, i.e., satisfying
B(Xv,w) + (~D)XIMB (v, Xw) = 0.

It can also be defined as the fixed point Lie sub-superalgebra of the involution
o :gl(nn) — gl(n|n) by E; ; = —(-1)HE, . .

We note that p(V) acts on V by matrix multiplication and on the r-fold tensor
product V® by the rule given in Equation (2.1).

Since the bilinear form is nondegenerate on V, we can choose bases v, v,...,v,
for Vo and vyi1, Vasas...>Van for Vi such that B(v,.i,vj) = B(vj, Vasi) = 8 and
B(vi,vj) = B(Vnti>Vnsj) = 0 for i, j=1,2,..., n. The basis elements v; and v,,,; are

dual to each other with respect to the bilinear form. This form enables us to identify
Vand V*. An element f € V* is identified with v, € V such that f(u) = B(u,vy) for
every u € V. The matrix of  with respect to this basis is

0 I,
I, 0
We use the notation v}, , = v; and v} := v;,.

With respect to the above basis an element X € p(V') can be represented in matrix

form as
A B
(& )

where A,B,C are nxn matrices such that B=B" and C=-C". We identify
p(V) with the space p(n) of matrices in the above form. The elements E; ;-
Ejinisn>Eijin + Ejizns Eisnj — Ejin,i> for 1< i, j < n form a basis for p(#n).

There is a grading p(n) = p(n)_; ® p(n)o ® p(n);, where p(n)o = gl,,, p(n)_; =
A2((C™)*) and p(n); = Sym*(C") as p(n)o-modules. It is well known that the
derived superalgebra sp(n) = p(n) nsl(n,n) = [p(n),p(n)] is simple for n > 3. We
have p(n) = CI' ® sp(n), where I' = (' _‘}n ).

6.2

We note that the following element
2n .
c= Z(—l)"‘vi Qv],

i=1

where v = v, for 1< i <n,and v} =v;,_, when n < i < 2n, is p(V)-invariant [9].
Then we have that

(6'1) C®k = Z(_l)‘i]|+|i3|+m+‘i2k_l‘(Vil ® Viz) ® (Vis ® Vi4) ®® (Vizk—l ® Vizk)’
1
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where the sum runs over all 2k-multi-subsets I = (ij, i, ..., ix) of the index set
{1,2,.. ,271} 12| = |l3 - 14| == |i2k_1 - i2k| =n. As
the action of p(V) on V®* commutes with the action of Sy, all the 2k-tensors

0, := 0 o c® are also p( V') invariants for every o € S,x. We have that
= N (1) Eo)+ (sl +lizeal) 4, , , .
6071 - z]:( 1) ! } e (Vla(l) ® Vla(z)) ® (Vln(s) ® v’a(4))
@ ® (via(zk—l) ® Vig(aky )’

where I is as described above, and y(I, ¢) is the sign resulting from the action of ¢~

on vy =v; ®--®v;,. It is known that the space (V®*)P(Y) is spanned by the set
{0,:0 € Syr} (see [4],[19]).

We have a p(V)-module isomorphism ¢;: V ® V = gl(V) which sends v; ® v;,
o (—1)|i|Ei,i and v, ® v; to (—1)'””'Ei+n’i+n for 1< i < n. There is a surjective
homomorphism ¢,: gl(V') - p(V'), that sends a basis vector E; j of gl(V') to a certain
basis vector of p( V') by the following rule:

Ei,j - Ej+n,i+n for 1 < 1,] <n
E;,i—E;,;,., for n<i j<2n
(62) ¢2(Ei,j) _ 1] j—n,i—n . ] ‘

Eij+Ej piwn for 1<i<n and n<j<2n
E,,] Ejinin for n<i<2n and 1<j<n.
We denote the composition ¢, o ¢1: V ® V — p(V) by ¢. Then,

(—1)‘i‘Ei,J~+n +Ejiyn for 1<i,j<n

(—I)MEi,j,n —Eji_n for n<i,j<2n

(-DVFIE; jy—Ejisn for 1<i<n and n<j<2n
(-DVIE; jsn —Eji-y for n<i<2n and 1<j<n.

(63) (l)(V,' ®Vj) =

The map ¢ induces an epimorphism ¢&*: (V @ V)®k = V®2k  p(V)®k defined by
¢®k((V1 ® Vz) Q- ® (Vzk—l ® V2k)) = ¢(V1 ® V2) ®--® ¢(V2k_1 ® V2k)»
which further induces a surjective map # on the p(V)-invariants:
7 (VP s (p(v)F)P).

We now calculate the image of the element ¢ € V ® V under ¢. Using formula (6.3),
we find that

¢(c) = ‘P( Zn: )l Vi+n) + ¢( Zn:(—l)“”‘vﬁn ® vj)

i=1 j=1

n
(Ei,i = Ensinei) + 2 (Ensjinsj— Ejj) = 0.
st

-

Il
—

1

Therefore, 7(c®) = ¥ (c®*) = 0. Since the action of p(V') is compatible with the
action of the symmetric group Sy on V®2* we conclude that #(6,-1) = 0 for every
0 € Syi. This means (p(V)®¥)P(V) = 0, for every positive integer k, and consequently,
T(p(V))P(Y) = C. Thus by Proposition 3.1, we obtain the following.
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Proposition 6.1  Let A be an associative commutative finitely generated C-algebra with
identity. Then U(p(V) ® A)P(Y) = C. In particular, for A = C, we get that the center of
U(p(V)) consists only of scalars.
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