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Sergeev superalgebra

The Sergeev superalgebra S, is the graded tensor product of

two superalgebras

S, =C6, ®Cly,
where CS,; is generated by odd elements 7, ..., 7,—;
2=1, talasita = taritalast, taly = —Iply, la—b| > 1,
while CI, is generated by odd elements ¢y, ..., ¢,
ci =—1, CaCh = —CpCq, a#b.
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Jucys—Murphy elements

Introduce analogs of the transpositions in the Sergeev

superalgebra
b—a—1
tap = (—1) a th—1 .. tgritalygs1 .- Ip—1, a< b, the = —tup.
The odd Jucys—Murphy elements are

my =0, Mg =Hlag+ -+ ta—1,a, a=2,...,n.
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Jucys—Murphy elements

Introduce analogs of the transpositions in the Sergeev

superalgebra
tar = (=) i tatatagy .y, A< b, fpy = —lap.
The odd Jucys—Murphy elements are
my =0, Mg =tig+ -+ ta_1a, a=2,...,n.
and the even Jucys—Murphy elements are

x1 =0, xa:\@(tla+-"+ta_17a)ca, a=2,...,n.
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Simple modules over S, and C&,; are parameterized by strict
partitions A = (A\,..., A¢) of nwith Ay > --- > X\, > 0 and

A+ N =
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Simple modules over S, and C&,; are parameterized by strict
partitions A = (A\,..., A¢) of nwith Ay > --- > X\, > 0 and

A+ N =

We will set ¢(\) = ¢ and write A IF n.
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Simple modules over S, and C&,; are parameterized by strict
partitions A = (A\,..., A¢) of nwith Ay > --- > X\, > 0 and

M+ +A=n
We will set ¢(\) = ¢ and write A IF n.

Depict A by the shifted Young diagram: e.g. for A = (6,3, 1)

H}

4
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We will use standard M-tableaux:
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We will use standard M-tableaux:

1 8|10\

4
31619
7

The dimensions of the simple modules over S, and CS,; :

N n—e(X\)
dim U* = 27— 157 2\ and dim V> =272 1g,,
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We will use standard M-tableaux:

1 8|10\

4
31619
7

The dimensions of the simple modules over S, and CS,; :

n—~L0(\
= =3

dim U =271 2 and dim V* =272 &),

where g, is the number of standard A-tableaux, found by

the Schur formula [1911] :

n! Ai_)\j
WIS W AN+ A
P A Gidice J
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We need to extend the set of tableaux by allowing any

non-diagonal entry to occur with a bar on it [Sagan 1987]:

1 5 8|10\_

’\1 NI

For \ IF n, # of the standard barred tableaux equals 2™ g,.
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We need to extend the set of tableaux by allowing any

non-diagonal entry to occur with a bar on it [Sagan 1987]:

1 5 8|10\_

’\1 NI

For \ IF n, # of the standard barred tableaux equals 2™ g,.

The signed content of any barred or unbarred entry a of U/ is
o4(0,+ 1) if a = a is unbarred,
K/a(u) —
—/0a(og+ 1) if a = a is barred,

where o, = j — i is the content of the box (i, /) of A with a or a.
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ldempotents in Sergeev superalgebra

For any standard barred tableau ¢/ set e;; = 1 and

o — (Xp —b1) ... (X — bp)
U™V (k=b1)...(k—b,)

where V is obtained from ¢/ by removing the box o occupied by
n (or ). The shape of V denote by 1, then by, ..., b, are the

signed contents in all addable boxes of ., except n (7).
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ldempotents in Sergeev superalgebra

For any standard barred tableau ¢/ set e;; = 1 and

(Xp —b1) ... (X — bp)

UV ). (kh—by)

where V is obtained from ¢/ by removing the box o occupied by
n (or ). The shape of V denote by 1, then by, ..., b, are the

signed contents in all addable boxes of ., except n (7).

Theorem (K, Molev, Serganova, 2025)

eyey = Oypey, 1= Z Z ey.

Aln sh(U)=X

Moreover, xa e;; = €, xa = ka(Ul) ey
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Schur—Weyl duality
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Schur—Weyl duality

Consider commuting actions of &, and gl on the space

CVg...@CN,
—————

n
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Schur—Weyl duality

Consider commuting actions of &, and gl on the space

CVg...@CN,
—————

n

Let U/ be a standard tableau of shape A F n with £(\) < N.

Primitive idempotent ¢,, for G, acts as an operator &;.
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Schur—Weyl duality

Consider commuting actions of &, and gl on the space

CVg...@CN,
—————

n

Let U/ be a standard tableau of shape A F n with £(\) < N.
Primitive idempotent ¢,, for G, acts as an operator &;.

Then &, (CN)®" = [()\) as gly-modules.
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Schur—Weyl duality

Consider commuting actions of &, and gl on the space

CVg...@CN,
—————

n

Let U/ be a standard tableau of shape A F n with £(\) < N.
Primitive idempotent ¢,, for G, acts as an operator &;.

Then &, (CN)®" = [()\) as gly-modules. Hence,

tr&yY,... Y, = S)\(yl,. . .,yN),

where Y = diag(y;,...,yy) and ¥, = 19D gy @ 180,
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Sergeev duality
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Sergeev duality

Consider the Z,-graded vector space CVV with the canonical

basise_y,...,e_1,e1,...,ex With p(e;) =7 mod 2, where

7=1 for i<O0 and 7=0 for i>0.
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Sergeev duality

Consider the Z,-graded vector space CVV with the canonical

basise_y,...,e_1,e1,...,ex With p(e;) =7 mod 2, where
1=1 for i<O and 1=0 for i>0.
The S, = CS,, x Cl, acts on the space

CVW g . . .gCNW
by Ca Iy and (a,b) — Pg, with
N
J=Y Ej_i(-1) € EndC".
i=—N
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The superalgebra @ ¢ End CVV has the basis
e = Eu+E_—1,  fu=Ex—1+E_ I <kI<N,

where ¢y, is even, fi; is odd.
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The superalgebra @ ¢ End CVV has the basis
e = Eu+E_—1,  fu=Ex—1+E_ I <kI<N,

where ¢y is even, fi; is odd. Call it q, as a Lie superalgebra. lts

elements supercommute with J.
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The superalgebra @ ¢ End CVV has the basis
e = Eu+E_—1,  fu=Ex—1+E_ I <kI<N,

where ¢y is even, fi; is odd. Call it q, as a Lie superalgebra. lts

elements supercommute with J. As the U(qy) ® S,-module,

(CN\N)@M ~ @ 2—5(/\)L()\) ® U/\,
AFn, £(\)<N
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The superalgebra @ ¢ End CVV has the basis
ex = Eu+E_i .y, Jiu=Ex, 1 +E_, I <kJI<N,

where ¢, is even, fi; is odd. Call it q, as a Lie superalgebra. Its
elements supercommute with J. As the U(qy) ® S,-module,
(CN\N)@M ~ @ 2—5(/\)L()\) ® U/\,
Nbn, £(A)<N
where L(\) is the simple g,-module with the highest weight A,

while 6 (\) = 0 or 1 depending on whether ¢()) is even or odd.
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The superalgebra @ ¢ End CVV has the basis
e = Eu+E_—1,  fu=Ex—1+E_ I <kI<N,

where ¢, is even, fi; is odd. Call it q, as a Lie superalgebra. Its
elements supercommute with J. As the U(qy) ® S,-module,
(CNIVy&n o @ 275NN @ U,
Ak, £(A)<N
where L(\) is the simple g,-module with the highest weight A,
while 6 (\) = 0 or 1 depending on whether ¢()) is even or odd.

[Sergeev, 1985].

I.Kashuba Quantum immanants for the queer Lie superalgebra



Given a standard barred tableau U/ of shape A I n,

let &, be the image of the idempotent ¢, € S,..
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Given a standard barred tableau U/ of shape A I n,

let &, be the image of the idempotent ¢, € S,..

The qy-module &,,(CVIV)®" is isomorphic to the direct sum of

21521 copies of the simple module L()).
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Given a standard barred tableau U/ of shape A I n,

let &, be the image of the idempotent ¢, € S,..

The qy-module &,,(CVIV)®" is isomorphic to the direct sum of

21521 copies of the simple module L(\). Hence,

str&y Y. Yy =01, W),
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Given a standard barred tableau U/ of shape A I n,

let &, be the image of the idempotent ¢, € S,..

The qy-module &,,(CVIV)®" is isomorphic to the direct sum of

21521 copies of the simple module L(\). Hence,

str&y Y. Yy =01, W),

where strE; = §;(—1)",
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Given a standard barred tableau U/ of shape A I n,

let &, be the image of the idempotent ¢, € S,..

The qy-module &,,(CVIV)®" is isomorphic to the direct sum of

21521 copies of the simple module L(\). Hence,
Strgl,{Yl e Yn = Q)\(ylv e 7yN)7

where strE; = §;(—1)",

N
Y = Z yi Ei(—1)", y_i=y for i=1,... N,
=N
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Given a standard barred tableau U/ of shape A I n,

let &, be the image of the idempotent ¢, € S,..

The qy-module &,,(CVIV)®" is isomorphic to the direct sum of

21521 copies of the simple module L(\). Hence,
Strgl,{Yl .. Yn - Q)\(yh cee 7yN)7
where strE; = §;(—1)",
N
Y = ZyiEii(*l)Za Vi =Y for izl,...,N,
i=—N

and O (y1,...,yn) is the Schur Q-polynomial.
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Factorial Schur Q-polynomials
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Factorial Schur Q-polynomials

Use the alphabet I’ <1 <2' <2 < --- <N < N and set

Yir = Yis sgnk = —sgnk’ = 1.
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Factorial Schur Q-polynomials

Use the alphabet I’ <1 <2' <2 < --- <N < N and set
Yir = Yis sgnk = —sgnk’ = 1.

A marked shifted Young tableau 7 of shape A:

the labels increase weakly in rows and columns.

l.Kashuba Quantum immanants for the queer Lie superalgebra



Factorial Schur Q-polynomials

Use the alphabet I’ <1 <2' <2 < --- <N < N and set
Yir = Yis sgnk = —sgnk’ = 1.

A marked shifted Young tableau 7 of shape A:
the labels increase weakly in rows and columns.
For every k € {1,...,N}, there is at most one k in each column

and at most one &’ in each row:
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Factorial Schur Q-polynomials

Use the alphabet I’ <1 <2' <2 < --- <N < N and set
Yir = Yis sgnk = —sgnk’ = 1.

A marked shifted Young tableau 7 of shape A:
the labels increase weakly in rows and columns.
For every k € {1,...,N}, there is at most one k in each column

and at most one &’ in each row:

\1’ 1]2]2 2|2\'
23
3/
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The factorial Schur Q-polynomial is given by

Z H V7 (o) + 580 (T (@))o (@),

sh(T)=X a€A

where o(a) =j — i is the content of a = (i, ) [lvanov, 2005].

13
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The factorial Schur Q-polynomial is given by

Z H V7 (o) + 580 (T (@))o (@),

sh(T)=A a€X

where o(a) = j — i is the content of a = (i,j) [lvanov, 2005].

The top degree component of O (y) is O, (»)
[Macdonald, 1995, Cheng and Wang, 2012].

13
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The factorial Schur Q-polynomial is given by
Z H V7 (o) + 580 (T (@))o (@),
sh(T)=X a€X

where o(a) = j — i is the content of a = (i,j) [lvanov, 2005].

The top degree component of O (y) is O, (»)
[Macdonald, 1995, Cheng and Wang, 2012].

Vanishing property:
0y (~p1) =0
for all strict p with /() < N and |u] < |Al.

13
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The algebra of supersymmetric polynomials I'y in y consists of
those symmetric polynomials P(y) which satisfy the property:

the result of setting y; = —y, =z in P(y) does not depend on z.
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The algebra of supersymmetric polynomials I'y in y consists of
those symmetric polynomials P(y) which satisfy the property:

the result of setting y; = —y, =z in P(y) does not depend on z.

Each of the sets 0, (y) and O (v) with £(\) < N is a basis of T'y.
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The algebra of supersymmetric polynomials I'y in y consists of
those symmetric polynomials P(y) which satisfy the property:

the result of setting y; = —y, =z in P(y) does not depend on z.
Each of the sets 0, (y) and O (v) with £(\) < N is a basis of T'y.

Characterization property [lvanov, 2005]:
If the top degree component of a polynomial P(y) € 'y
coincides with 0, (y) for some A with ¢(\) < N, and P(—u) =0

for all strict o with ¢(1) < N and |u| < ||, then P(y) = O ().
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Howe duality
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Howe duality

The polynomial superalgebra P = Pyn has generators x,; with

ac{-M,...,—1,1,....M}andk € {1,...,N}.
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Howe duality

The polynomial superalgebra P = Pyn has generators x,; with
ac{-M,....,—1,1,... .M} and k € {1,...,N}. The parity of x,

iSs a mod 2.
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Howe duality

The polynomial superalgebra P = Pyn has generators x,; with
ac{-M,....,—1,1,... .M} and k € {1,...,N}. The parity of x,

is a mod 2. We let 0y, = 9/0x4 be the left derivation.
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Howe duality

The polynomial superalgebra P = Pyn has generators x,; with
ac{-M,....,—1,1,... .M} and k € {1,...,N}. The parity of x,

is a mod 2. We let 0y, = 9/0x4 be the left derivation.

Lie superalgebras q, and q,, acton P; for g, we have

M
€y — § Xak Olas

a=—M
M

fkl = Z xakal,—av

a=—M

with k,1=1,...,N.
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We have a decomposition for polynomials of degree n:

[

P" P 2Ny eL,

Nbn, £(\)<M,N
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We have a decomposition for polynomials of degree n:

[

P" P 2Ny eL,

Nbn, £(\)<M,N

for the (q,,, qy)-action.
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We have a decomposition for polynomials of degree n:

[

P" P 2Ny eL,

Albn, £(N)<M,N
for the (q,,, qy)-action.

[Cheng and Wang, 2000, Sergeev, 2001].

16
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We have a decomposition for polynomials of degree n:

[

P" P 2Ny eL,

Albn, £(N)<M,N
for the (q,,, qy)-action.

[Cheng and Wang, 2000, Sergeev, 2001].

In particular, the highest weight q,-modules L(\) can be

realized as submodules of P" if £(\) < M and ¢(\) < N.

16
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Universal odd Capelli identity
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Universal odd Capelli identity

We will twist the action of g, with the automorphism

ekl'—>—€lk and fkl'_>i‘f[k7 k,l:17...,N.
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Universal odd Capelli identity

We will twist the action of g, with the automorphism
ekl'—>—€lk and fkl'_>i‘f[k7 k,l:17...,N.

This defines another action of q, in P,

M
€l = — § Xal akaa
a=—M
M
fkl i E xalc‘)k,_a.
a=—M
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Universal odd Capelli identity

We will twist the action of g, with the automorphism
ekl'—>—€lk and fkl'_>i‘f[k7 k,l:17...,N.

This defines another action of q, in P,

M
€l = — § Xal akaa
a=—M
M
fkl i E xalc‘)k,_a.
a=—M

We thus get a homomorphism U(q,) — PD.
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Combine the variables and derivations into matrices X and D:

M N
X = Z Z (eka @ Xk — ifya @ x—a7k) S HOm(CM’ CN‘N) ® PD
a=1 k=1

I.Kashuba Quantum immanants for the queer Lie superalgebra



Combine the variables and derivations into matrices X and D:

M N
X = eka @ Xgk — ifka ® x—aJ{) € Hom(CM, CN‘N) ® PD
a=1 k=1
and
M N
D = Z Z (l € @ ak,—a +fak ® 8/«1) € Hom(CN‘Na CM) ® PD,
a=1 k=1
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Combine the variables and derivations into matrices X and D:

M N
X = eka @ Xgk — ifka ® x—a,k) € Hom(CM, CN‘N) ® PD
a=1 k=1
and
M N
D = Z Z (l € @ ak,—a +fak ® 8/«1) € Hom(CN‘Na CM) ® PD,
a=1 k=1

so that X is even and D is odd.
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Combine the variables and derivations into matrices X and D:

M N
X = eka & X — ifka ® x—a,k) € Hom(CM, CN‘N) ® PD
a=1 k=1
and
M N
D = Z Z (l € @ ak,—a +fak ® 8/«1) € Hom(CN‘Na CM) ® PD,
a=1 k=1

so that X is even and D is odd.
Introduce the odd element

N
G= Z (ey @ fu —fu @ ey) € Oy @ U(qy).
k=1
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The action of q, in P can be written as G — XD using
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The action of q, in P can be written as G — XD using

Hom(CM, ") @ Hom(CMV,c™) — Q.
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The action of q, in P can be written as G — XD using
Hom(CY, C"™) @ Hom(CMWV, M) — Q.
Introduce the odd element

N
r= Z (fu®ep —ey@fy) € Oy © Oy
k=1
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The action of q, in P can be written as G — XD using
Hom(CY, C"™) @ Hom(CMWV, M) — Q.
Introduce the odd element
N
T = Z (fu® ex — e @ f) € Oy @ Qy
k=1
andforb=1,...,nset

MO =Ty 4+ Tyyy € (Oy)®".
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The action of q, in P can be written as G — XD using

Hom(CY, C"™) @ Hom(CMWV, M) — Q.
Introduce the odd element

N
T= Z (fu® ex — e @ f) € Oy @ Qy
k=1
andforb=1,...,nset
MY =T+ Tyoypy € (ON)®".

This is the image of the odd Jucys—Murphy element.
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Theorem. Under the action G — XD, we have

Gy +MD) . (Gy+M™) = X,...X,D;...D,.

20
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Theorem. Under the action G — XD, we have
Gy +MD) . (Gy+M™) = X,...X,D;...D,.
The subscripts indicate copies of the elements in tensors,

Oy®...00y @U(gy) > Oy ®...® Qy @PD.
— —

n n
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Theorem. Under the action G — XD, we have
Gy +MD) . (Gy+M™) = X,...X,D;...D,.
The subscripts indicate copies of the elements in tensors,
Ov®...00y @U(qy) > Oy ®...R Oy @PD.

n n

Inspired by the universal Capelli identity for gly [Zaitsev, 2025].

20

I.Kashuba Quantum immanants for the queer Lie superalgebra



Universal even Capelli identity
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Universal even Capelli identity

Set F = GJ.
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Universal even Capelli identity

Set F = GJ. Explicitly, setting F; = Eiy + E_¢—; we get

N
F = Z Eyu® Flk(—l)l € End(CNW & U(qN)
k=—N
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Universal even Capelli identity

Set F = GJ. Explicitly, setting F; = Eiy + E_¢—; we get
N —
F= %" Eq®Fy(-1)" € EndC"W & U(qy).
k,l=—N

Modified matrices X and D; they are even:

X = Z ((Eka + Efk,fa) &Q Xak — i(Efk,a + Ek,fa) ®x7a,k)a
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Universal even Capelli identity

Set F = GJ. Explicitly, setting F; = Eiy + E_¢—; we get
N —
F= %" Eq®Fy(-1)" € EndC"W & U(qy).
k,l=—N

Modified matrices X and D; they are even:

X = Z ((Eka + Efk,fa) &Q Xak — i(Efk,a + Ek,fa) ®x7a,k)a

and
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The representation of q, can now be written as F — XD.
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The representation of g, can now be written as F — XD. Let
x® e (EndCMMy®r p=1,...,n,

be the image of the even Jucys—Murphy element x;, under the

action of S, on the tensor product space (CVIV)®,
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The representation of g, can now be written as F — XD. Let
x® e (EndCMMy®r p=1,...,n,

be the image of the even Jucys—Murphy element x;, under the

action of S, on the tensor product space (CVIV)®,
Theorem. Under the action F — XD, we have

(Fr+xW) L (Fy+ XMWY = X ... XDy ... D,
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The representation of g, can now be written as F — XD. Let
x® e (EndCMMy®r p=1,...,n,

be the image of the even Jucys—Murphy element x;, under the

action of S, on the tensor product space (CVIV)®,
Theorem. Under the action F — XD, we have
(Fr+xW) L (Fy+ XMWY = X ... XDy ... D,

for the image of the element of (End CVV)®" @ U(q,).
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Corollary. Under the action F — XD, we have

(Fi+ k1)) ... (Fo+5nU)) Ey = X1 ... XuDy ... Dy &y,

23
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Corollary. Under the action F — XD, we have
(Fi+ k1)) ... (Fo+5nU)) Ey = X1 ... XuDy ... Dy &y,

for any standard barred tableau U/ of shape A;
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Corollary. Under the action F — XD, we have
(Fi+ k1)) ... (Fo+5nU)) Ey = X1 ... XuDy ... Dy &y,

for any standard barred tableau U/ of shape A;
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Corollary. Under the action F — XD, we have
(Fi+ k1)) ... (Fo+5nU)) Ey = X1 ... XuDy ... Dy &y,

for any standard barred tableau U/ of shape A;

the signed contents are defined by

o4(0q+ 1) if a=a is unbarred,
Ka(U) =

—/oulog+ 1) if a=a is barred,
where o, = j —iif a or ais in the box (i, ).

Proof. XM&, = kn(U) &, Cf. [Okounkov, 1996] for gly.
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@I ETTuRIIERERIS

The quantum immanant associated with A I- n is defined by

Sy = Stl‘gu (F] + /11(1/{)) . (Fn + Hn(“)) € U(CIN),
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The quantum immanant associated with A I- n is defined by
Sy =str&y (Fi + ki) ... (Fu+ &n(U)) € U(gy),

by using a fixed standard barred tableau ¢/ of shape .
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The quantum immanant associated with A I- n is defined by
Sy =str&y (Fi + ki) ... (Fu+ &n(U)) € U(gy),

by using a fixed standard barred tableau ¢/ of shape .

The supertrace is taken over all n copies of End CVIV in
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The quantum immanant associated with A I- n is defined by
Sy =str&y (Fi + ki) ... (Fu+ &n(U)) € U(gy),

by using a fixed standard barred tableau ¢/ of shape .

The supertrace is taken over all n copies of End CVIV in

(End CVM)®" & U(qy).
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The quantum immanant associated with A I- n is defined by
Sy =str&y (Fi + ki) ... (Fu+ &n(U)) € U(gy),

by using a fixed standard barred tableau ¢/ of shape .

The supertrace is taken over all n copies of End CVIV in
(End CVM)®" & U(qy).

Proposition. S belongs to the center Z(q,) of U(qy).
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@I ETTuRIIERERIS

The quantum immanant associated with A I- n is defined by
Sy =str&y (Fi + ki) ... (Fu+ &n(U)) € U(gy),

by using a fixed standard barred tableau ¢/ of shape .

The supertrace is taken over all n copies of End CVIV in
(End CVM)®" & U(qy).

Proposition. S belongs to the center Z(q,) of U(qy).

Moreover, it depends only on A and does not depend on /.
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Recall the Harish-Chandra isomorphism [Sergeev, 1999]:

X :Z(ay) = T

25
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X :Z(ay) = T

The element S, acts by scalar multiplication in any highest

weight module L(y) with the highest weight y = (y1,...,yn).
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Recall the Harish-Chandra isomorphism [Sergeev, 1999]:
X Z(qy) = I

The element S, acts by scalar multiplication in any highest
weight module L(y) with the highest weight y = (y1,...,yn).

On any highest vector ¢ € L(y) we have

F,‘,‘«S:yif, iZl,...,N,

Fi§=0 for i < Jjl.
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Recall the Harish-Chandra isomorphism [Sergeev, 1999]:
X Z(qy) = I

The element S, acts by scalar multiplication in any highest
weight module L(y) with the highest weight y = (y1,...,yn).

On any highest vector ¢ € L(y) we have
Fl‘,wf:yif, iZl,...,N,
Fi§=0 for |i| <.

The scalar is a supersymmetric polynomial denoted by x (S ).
25
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Theorem. Under the Harish-Chandra isomorphism we have

X:Sx = 0F ().
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Theorem. Under the Harish-Chandra isomorphism we have

X:Sx = 0F ().

Moreover, the S, with ¢(A) < N form a basis of Z(q,).
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Theorem. Under the Harish-Chandra isomorphism we have
X :Sx— 0L ()

Moreover, the S, with ¢(A) < N form a basis of Z(q,).

Proof. The top degree component of x(S,) is the supertrace

str&, Y1... Y, = Oa(y)

I.Kashuba Quantum immanants for the queer Lie superalgebra



Theorem. Under the Harish-Chandra isomorphism we have
X :Sx— 0L ()

Moreover, the S, with ¢(A) < N form a basis of Z(q,).

Proof. The top degree component of x(S,) is the supertrace

str&, Y1... Y, = Oa(y)

for

N —
Y = Z yiEii(—l)Z.

i=—N
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Now use the characterization property of Qj (y).
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Now use the characterization property of Qj (y).
By the corollary, under the action F — XD, we have

Sy strXy...X,D; Dng[/[
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Now use the characterization property of Qj (y).
By the corollary, under the action F — XD, we have

Sy strXy...X,D; Dngz/[

Taking into account the twisting of the action of q, coming from
the queer Howe duality, the element S acts as zero in all

L(—i) with [u] < |A| = n, where i = (s, .. ., ).

l.Kashuba Quantum immanants for the queer Lie superalgebra



Feliz Aniversario, Manolo!
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