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Abstract. Differential realizations of the spf(2, 1) superalgebra on the spaces of homo-
geneous and inhomogeneous polynomials and the corresponding boson—fermion realiza-
tions are studied. The new indecomposable and irreducible representations of the spl(2, 1)
superalgebra are given on subspaces and quotient spaces of the universal enveloping
algebra of Heisenberg—Weyl superalgebra. AMN the finite-dimensional irreducible rep-
resentations of the spi(2, 1) superalgebra are naturally obtained as special cases.

1. Introduction

Lie superalgebras have become increasingly important in nuclear physics, super-
unification, and in supergravity [1-3}. Recently, Turbiner and Ushveridze {4] have
discussed the quasi-exactly solvable problems in quantum mechanics. A connection of
quasi-exactly solvable problems and finite-dimensional inhomogeneous differential
realizations of Lie algebras (or superalgebras) has been described at the first time by
Turbiner [5]. The key to the settlement of the quasi-exactly solvable prablems lies in
studying finite-dimensional inhomogeneous differential realizations of Lie superalge-
bras. The case of some superalgebras has been considered by Shifman and Turbiner
[6] and recently by Turbiner [7]. This paper of Backhouse [8] has also described one
way of obtaining differential realizations of superalgebras. In the present paper we
shall be concerned with the spl(2, 1) superalgebra. The purpose of the present paper is
to derive further inhomogeneous differential realization of the sp/(2, 1) superalgebra
on the space of inhomogeneous polynomials employing variable substitution tech-
nique on the basis of the homogeneous differential realization. We then consider their
corresponding relations of C-number differential operators and boson creation and
annihilation operators, of Grassmann number differential operators and fermion
creation and annihilation operators respectively. The corresponding boson—fermion
realizations of the spl(2, 1) superalgebra are obtained in terms of homogeneous and
inhomogeneous differential realizations. The indecomposable representations of Lie
superalgebras are well known to play a crucial role in describing unstable particle
systems [9]. It is quite a valid approach to employ the boson—fermion realizations of
Lie superalgebras in order to study their indecomposable representations [10-13]. In
the present paper we shall study indecomposable representations of the spl/(2,1)
superalgebra on the universal enveloping algebra of Heisenberg—Wey! superalgebra,
and on its subspaces and quotient spaces using the inhomogeneous boson—fermion
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realization of this superalgebra. All the finite-dimensional irreducible representations
of the spi(2, 1) superalgebra are naturally obtained as special cases on the subspaces of
generalized Fock space.

2. Homogeneous differential realization and correspending boson—fermion
realization of the spi(2, 1)

In accordance with Scheunert et al [14] the generators of the spl(2, 1} superalgebra
read as follows:

{0:,0.,0_,Bespi(2, YO|V,, V_, W,, W_espl(2, )i} (2.1)
and satisfy the following commutation and anticommutation relations:
[0:, Q:]=%0. Q.. 0_1=20;
[B,Q.]=[B, Q:]=0
[Qs Vi]= 24V, [y, Wol=23W,
(@, Vi]=V, Q.. W:]=W, (2.2)
[Q:,V:]=0 (Q:, W.]=0
(B, V.]=1V. B, W.]=-1w,
{Va, Vil={Vs, Val={W., W, ={W., W:}=0
Ve, Wel=20Q, {V,, Wz}=~0;%B.
We choose a (2, 2) dimensional irreducible representation D:
72 0 0 0 0 0
0 =12 0 00 0 0
DIC)=19 o oo D(B)= {0 0 -1/2 0
0 0 090 00 0 172
'0 100 0000
0000 1000
D@I=l 4 ¢ 0 o D@-)=14 9 0 0
| 0 ¢ 0 0 6 000
0 0 1V2 0 0o 0 0 ©
o 0 0 0 0
DVI=ly o o o D(V-){ 0 omz o
[_0 vz 0 0 -1vV2 0 0 0
¢c 0 UV2 0 00 0
0 0 0 0 60 1/V2
PWI=lo 1v2 0 Dw-) V2 00 0 2.3)
L0 O 0 0 00 0
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In order to study differential realization of the sp/(2,1) superalgebra on the space
of homogeneous polynomials, introducing four independent variables u,, ., &, &
where u,, i1, are C-numbers and &, §; are Grassmann numbers respectively, we regard
them as the basis of representation space, i.e.

1 0 0 0
0 _ 1 B 0] _ 0
= 0 H= 0 5= 1 &= 0 (2.4)
0 0 0 1
Noting (2.3) and (2.4), we obtain
Qs‘u1=’5ﬂi Q3ﬂ2=—’]2#2 2:£,=0 0:£,=0
B,=0 Bu,=0 BE; = —3iE B&,=14&,
Q+u,=0 Quy=p, Q.5 =0 0.&=0
Q. =y, Q=0 0.5=0 Q_§&=0
1 1
V.o, =0 V+#2="\7§§2 V+§1=72“‘Mt Vi&=0
1 1
V_p = —vzgz V_u.=0 V—§1=§7§#2 V.§=0
W, =0 W —1E W.&=0 W —1
= 'Hu:_% 1 +81= +§2—V§ﬂl
-1 1
W—#:=v§§1 W_p;=0 W_§=0 W—Ez=v5#2-

Using differential operators the generators of the spl{2, 1) are constructed as follows:

Q5=+ 1,8/3u, — u:0/8u,) B =3(£,0/08,— £,0/38))

Q, =1,0/0u, O_ =p20/8u, (2.6)
1 1

V. =75 (10108, + £:0/0u2) V=175 (6:0/80 — 1:8/88,)
1 1

W, =75 (118108, + £9/9115) W= =75 (51010 — 29/ 08;).

It is easily proved that the generators thus represented satisfy all the commutation
and anticommutation relations of the sp/(2,1). Substantially, (2.6) is a differential
realization on the space of homogeneous polynomials of degree one, i.e A;=
{#1, t3, €1, &:}. For the space of homogeneous polynomials of degree n,

A=l p3EVERi, e Z*  ky, ky=0.1and iy + b+ ky+hy =0} (2.7)
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where Z* denotes the set of all non-negative integer, it carries the direct product
representation of the spi(2, 1),

DE=(D®DQ®: - -@ D) symmetrized. (2.8)
—_——
degree n
Using the definition of direct product representation,
PO up e ) = (B30 & + i (Fud)Epey
+u G (FENVER + ui u3 E(FER) (2.9)
where F stands for any generator of the spl(2.1), we can obtain its differential
realization F on A,. It is easy to check that F=F.
Consider their corresponding relations of C-number differential operators
(u;, 3/0u;) and boson creation and annihilation operators (&], ;),

[b,‘, b:. ] = 6,-11 [6/6#,,#,] = 6,-; (210)
[b;, bj] = [br:'-’ b;] =0

and of Grassmann number differential operators (&, 8/8§;) and fermion creation and
annihilation operators (a/, a;), respectively,

ﬂ?- <:=)§, a,-@&fé‘&
{ai, af }=9; {0108, E;} =0, (2.11)
{d,, a; } { 2, > } 6

{3/'95;, a/agj} = {Eh E;} =0.

The corresponding homogeneous boson-fermion realization of the spi(2,1) is
obtained in terms of two pairs of boson operators and two pairs of fermion operators
as follows:

Qs=%{blb,—bi b,) B=1(a;a;—afay)

— ht Wt
0. =5 0-=bib .
Vs =3 72(bl+al+a;bz) V_=—“v5(a5_"b,—b;al)

1 1
W, =v§(b?a2+a1*b2) W—=‘V§_(a1+b1‘b§az)'

3. Inhomogeneous differential realization and corresponding hoson-fermion
realization of the spi(2,1)

In order to get differential realization on the space of inhomogeneocus polynomials, we
introduce three new independent variables (¥, y,, ¥») and employ variable substitution

# & &
= == =— #0 31
X it Wi A y2 s (ﬂ2 ) ( )
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where x is a C-unumber and y,, y, are Grassmann numbers respectively. Clearly, the
basis of A, becomes

MR ENER S xyugyiyk h+ki+k=01,. (3.2)
Let

Al={xudyhylli+k + k,=0,1,. .. ,n,ieZ% k, k=0, 1} (3.3)
then A/ is a space of inhomogeneous po]ynomlals.

Using (2.6), (3.1) and the following definition

Flxwsyhys) = (Bxsyhys+ ' (Fudyhys +xud( Fyhyl

+xigyh(Fye) (3.4)
we get the inhomogeneous differential realization F of the spf(2,1) on A},

0;=—4n+x8/9x + %y,8/8y, + 1y,0/8y,

3 = 4,018y, — 3919/8y,

Q. =nx—x"8/8x — xy, 818y, — xy,8/8y,

Q_=dldx G.5)

1 1 1 1
V. =75ny2+v—ixalay, --7§y2xa/ax —wyzylalayl

1 1
_= —'\—/’§y26/3x+v§6/6y1

- 1 1 1 1
W, = 2 +v§x8/6y2 - W,xa/ax - vzy,yzalé‘yz

. 1 1
W_= REVoRZ a/6x+%6/6y2.

It is worthy of note that 4, is a cofactor in the basis of A;. Granted that we extend
the non-negative integer n to any real number, cne still gets (3.5).

With a similar way, considering their corresponding relations of C-number
differential operators (x, 8/dx) and boson creation and annihilation operators (o™, ),
and of Grassmann number differential operators (y,, 9/8y,; y;, 0/8y,) and fermion
creation and annihilation operators (a1, a;; a7, a;)

b*ex b&aldx (3.6)
ay &y, a,08/8y, (3.7)
ay &y, 4. 8/9y,

we can get the corresponding inhomogeneous boson-fermion realization,
Os=—in+b*b+1afa +4aia,
B=1a}a,~ai a,
Q,=nbt—b*"b—b*afa,—b*aja,

C-=b (.8)
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i 1 1 1 1
V. =75na;+v55+ﬂ;"7'2'a;b+b“vza;a?a1

1 1
V_=—v§a§b+7§a.

- 1 1 1 1
W, =v§ nay +-\—/-55+a2—v§ a;b*h P—,\/—zaf”afaz

- 1 1
W.=——afbt+—ra.
ARV
Obviously, we use only one pair of boson operators and two pairs of fermion
operators in obtaining inhomogeneous boson—fermion realization.

4, Indecomposable representation of the spl(2,1)

Consider (1+2) state Heisenberg-Weyl superaigebra H:{b*,b,af,a,,a;,a,, E}
where E stands for the unit operator. According to the Poincare-Birckhoff-Witt
theorem, we choose for its universal enveloping algebra €2 a basis

{(p(ks 17 ay, ﬁls az, 625 t) =b+kbhrﬂ;a)l3,a;02angtlk, 15 f€Z+, ay, ﬁl: a21ﬁ2=09 1} (4'1)

Each vector in the space of €2 is a linear combination of the basis with complex
coefficients. Then, we consider an extension Q of the space ©, in which each element
is a linear combination of the basis whose coefficients are elements of the Grassmann
algebra G.

The representation of the superalgebra H on the space of Q is defined as

fON)yplk, L ay, By oo B ) =@k + 1,1, a1, B, a2, B, 1)
f®plk, 1, ay, Biy 2 B2 )

=@k, 1+1, a1, B, a2, By, ) Hke(k — 1,1, @y, i, @z, B, t+ 1)
f@@ Yotk, @y, Bi, a2, Bs, ) = (1= as)p(k, [ ay + 1, By, 03, By, 1) (4.2)
fladelk, 1, ap, By, az, B2, 0)

=(—D"gk, La, B+ 1, a3 B, ) tawk, L oy—1, B, az, B, t+1)
fla)glk, 1, a1, B1, @2, Bo )= (1) (1 - )k, 1, @), By @2+ 1, B, 1)
fla)glk, [, oy, By, @z, Ba, ) = (— 1) P42k, £, ay, B, @2, B2+ 1, 1)

+ (= 1)"*Pap(k, L, ay, B, 0a—~1, B, £+ 1),
Now, we consider the quotient space V with the basis
V=(Q/)y{plk, !, a1, Bl ay B) =@k, 1, a,, B, s, B5,0) mod I

Xk, {eZ*, a, B 0 8,=0,1} (4.3)

corresponding to the two-sided ideal / generated by the element E—1.
The representation (4.2) induces the new representation on the space of V

f(b+ )(P(k,l, al!ﬁls az,ﬁ2)=qa(k+1,l, ahﬁh abﬁ?)
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fB)plk, i, ay, By, az, B2)

=@k, I+1,a, B 0p) Hhe(k— 1,1, a), B, a3, )
flal ek, Lay, B, a5, B2)=(1—a)ek, [, a1+ 1, B, 02, 2) (4.4)
fla))elk, L ay, B, as Ba)

=(-1)"glk, i, @, i+ 1. a3, B2) + (k. [, ay— 1, By, z, B2)
fla ok, 1, an B, oz Bo) = (—1)**P(1 - ag)g(k, I, @1, B, a2+ 1, 1)
fla)ek, L ay. i, az Ba) = (17 %k, L, ay, B1, @y, f2+1)

+(=1)*Pg,p(k, 1y, By, a:— 1, ).

Using the following relation
L(F(b*,b,al ,ay,af, @) =F(f(b*), f(b), f(al ), f@), f(a3 ), f(a2)) (4.5)

and the boson-fermion realization (3.8), we obtain the representation L of the
spl(2.1) on the space of V,

L(@s)p(k. 1, ar, Bi, a2, Bo) = (—tn+ k+da;+ ok, L, ay, By, as, o)
+@lk+1,0+1, a8, 02 5:)
+1 (D)1 -aelk, Lo+ 1,8+ 1, a3, 8,)
+7 (=D~ ay)plk, I, oy, Br, az+ 1, B+ 1)

L(B)p(k,l, a1, By, @y, Bo) =(x a2 — T i) (k. I, a5, B1y 02, B2)
+1(-D%(1—a)elk, L a, Bi, a2+ 1, B2 +1)
=2 (—D(1—a)gk, Lo+ 1,5 +1, a5 )

L(Q)glk, Loy, By, 05, B)=(n—k—ay—ay)elk+ 1,1, 0, B, a3 f:)
—@lk+2,14+1,a,, 8, a2 8:)
—(-D)"(—-a)etk+1,L,a,+1,8,+1,a,8)
—(=D"(1=a)plk+ 1,1 a,B.a:+1,5,+1) (4.6)

L(Q. gk, L, ay, B, as, Br)

=gk, [+1,a,, 8, a2, B +ko(k—1,1, 2\, B1. 22, B2)
L{(V.))e(k, L ay, By, az f2)

1 ]
=75 ("D - k—a) (L -a2)elk, 1, an, B, aa+ 1, 8,)
1
+v5 (—1)“l¢(k+ 1! [’ ahﬁl + 1? s, 162)
1
+1,\—/§O:](;0(k+ 13 l a!_laﬁh a2ﬂ82)

1
_Vi(—l)al+ﬂl(1—ag)(p(k+ 1,t+ 1, a,,ﬁl,az-i- l,ﬂz)
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1
_%(“1)3'(1_31)(1 —a)pthk+ 1,1+ 1,0, 8,0+ 1, 5;)
1
L(V— )‘P(k! I a!sﬁh a2, ﬁZ) =V§ (_1)a1¢(k’ IR ahﬁl'*‘ 1,a,, ﬁz)
1
+W GL(P(k, ls a;— 1’ ﬁla Lo 52)
1
“% (_1)“[+ﬁ'(1 _a2)q}(k$ l+ 15 ahﬂl: a2+ 17 ﬁ2)
1
_%(_1)01""51’{(1_ a!)‘p(k-— 17 lv ahﬁl: a2+ la ﬁ?)
1
L(u!-l- )qp(k, l% ahﬁl» a27ﬁ2)= (n_k_ 02)(1“&[)(})(‘&7 ['1 a4y + Ivﬁh 2, ﬁZ)
V2
1
+V§(—1)al+ﬂ]+a2¢(‘k+ 1’ l! ah ﬁl! a2=ﬁ2+ 1)
1
+V§ (—1)al+ﬁla2¢(k+ 1? t: al: ﬁh az— 1-: ﬁZ)
1
_%(1Hal)¢(k+l’l+ls a1+1sﬁ17 a21ﬁ2)
1
_75(_1)&2(1 —a))(1—a)e(k, L, ay+1, i az+ 1,8+ 1)
1
L(W— )(p(kv !; al’ [315 a.’!a ﬁZ) =V§ (_1)ﬂ[+ﬁ|+a2¢(k’ [, Cf;,ﬁ[, az, ﬁz + 1)
1 o8
+'\ﬁ (—1)"* ek, L ay, Br, 0. — 1, 1)
i
_VE(]' _al)w(k’l_!'l! a1+lvﬁha21ﬁ'z)
1
‘“Vik(l —a)@lk—1.5a+1, 8, ax B).

From (4.6), it follows that the sum (! + 8, + ;) does not decrease under the action of
the representation L and the subspace

.Vl'i'l= {(p(kv l, ay, ﬁ[: az, ﬁ?) € V|l+ﬁl +ﬁ2; m}

is invariant, for which no invariant complementary subspace exists. Thus, the
representation given by (4.6) on the space V is indecomposable.
The generalized Fock space is defined as a quotient space of V

Y=(ViN:{pk, ai, az) =¢(k,0,0,,0,a,, 0 modJ|ke Z*, ), a,=0, 1}

where J is the left ideal generated by the element b—A, @,—#, and a,—#,, A is a
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complex number and 7, and #, are generators of the Grassmann algebra G. On this
space, the representation (4.6) induces the new representation

1 1 1
L(Qs)tp(k: ay; aZ) = ( _En + k+§al +§a2) q)(k! @, az)

1
+l¢(k+l,al,az)+§(1—al)m¢(k,a1+1,az)
1
+§(1 —ax pagplk, aq, az+ 1)
1 1 1
L(B)p(k, ay, az)= §az—§a1) ¢(k,a1,az)+§(1—az)nz¢(k,al,az+1)

1
“‘5(1 —a )melk, a;+1, )

L(Q-l— )‘p(ka @, aZ) =(" _k_al - az)‘ﬁ(k"' la ay, a!) —A{p(k +27 ay, a2)
—(Q-ametk+1l,a;+1,a;)—(1—-a)melk+1, a0, ay+1)
L(O )k, o, az) =A@k, a;, ax) +ke(k—1, a), a3) 4.7

1
LV, )tP(k,an,az)=v§(—1)“‘(n—k—an)(1-az)¢(k, @y, @+ 1)
1 1
+V§ (—1)alﬂ1¢(k+ 1, adyq, az) +v5€€1¢?(k+ 1, a;— 1, ag)
1
-5 (—D*(1—-a)lplk+1,a, a,+1)
1
— e -a)nek, ai+1, . +1)
1 1
L(V_ )p(k, a;, az) =v5 (-1 mep(k, ay, az) "'Vi apk, a;—1, az)
1 1
—\—/5(—1)“1(1 —am)Aplk, a,, a,+ 1)—75 (-11(Q—a)keltk—1,a;, a,+1)
1
L(W. )k, a), az) =7§(“ - k_az)(l —a))elk,a, +1, az)
1 1
+-\7§ (—1)** ek +1, 0, a5)+ Ve (-DMapk+1, 0, ay— 1)
1 .
—w(l“‘al)lqj(k'i'l, C€1+1, az)
1
"Vi("l)“z(l—Gl)(l—az)ﬂzfp(k, ay+1,a;+1)

1 1
L(W- )Q"(k: axy, aZ) =VE (_1)a|+a2ﬂ2¢(k? ap, aZ) +VE (_1)‘1‘0’2?(!" ap, &z~ 1)
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1 1
-%(1~a1)i<p(k,a.+1,a2)—w(1—a,)k¢(k—1,a,+1,a2).

The representation given by (4.7) is an infinite-dimensional irreducible represen-
tation for the cases A#0, n,%#0 or 5.#0. When A=0=#,=1,, the representation
(4.7) becomes

1 1 1
L(Qs)p(k, a1, a2) = ( _E”H‘k"'EGI +§az) ok, a1, az)

1 1
L@, 00)= (5013 1) ol s, )

L@k, a), 02)=(r—k—o,—a)plk+1, a;, a3)
L(Q-)‘p(k’ah a2)=k‘p(k—lsal:a2) (48)
LV, )yplk, a1, a)

1 1
=—\—/—2(—1)"1(n— k—a)(1-ay)elk, oy, s+ 1)+v§a1¢(k+ Lo —1,a;)

1 1
LV )plk, ar, ax) =17 ek, a1—1, @) — 75 (=D(1—eadkplk—1, a), az+ 1)

LW, )k, ar, a2)

1 1
=V§ (n—k—ey)(1—a)plk,a,+1, az)"‘% (—DMap(k+1, a, a;— 1)

L(W_ )k, ay, az) =\_i§ (-DM ek, o), 02— 1) _vlé' (1-a)kp(k—1,a,+1, a,).

We can easily see that the representation (4.8) is an infinite-dimensional irreduc-
ible representation when n¢ Z*. Obviously, the invariant subspace exists when
neZ*,

Y(n):{plk, o, ay)eYk+a,+a,<n, keZ*,a,,a,=0, 1}
dim Y{(n)=4n 4.9)

and there is no invariant complementary subspace. Thus, the representation (4.8) is
indecomposable. Restricting the representation given by (4.8) to the invariant
subspace Y(n), we can obtain a finite-dimensional irreducible representation of the
spl(2,1). We shall discuss it in detail in the next section.

5. Finite-dimensicnal irreducible representation of the spi(2,1)

For the sake of simplicity, we re-define the basis of ¥(#) as
|/, m, @, a2y=1[(j+m)(j—m—a)l(j—m— )] p(j +m, a, @) (5:1)

=@ n=0,1,1,...

m==j,=j+1,...,j when a, =0, a,=0
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m=_j’_.f+1,=--,j_1 Whenal=0,a2=1
m=—j, —j+1,...,j—1 whena, =1, a,=0
m=—j,—j+1,...,j-2 whena, =1, a,=1.

The action of the generators of the sp/(2,1) on the new basis vector is straightfor-
wardly obtained with the help of (5.1) and (4.8). One finds

1 1
L(QB)U, m, a,, a2)= (m +§O!] +§a2) [fa m, o, a2>

1
L(B)l.’: m,a,, a2>=§ (aZ— az)lf, ", a,, az)

L@ mya,a=(-m-a—a){(j+m+1)

NGj—m=—a))(j—m—a)}¥j, m+1, a, az) (5.2)
L@ )j. m, ap o)=[(+m(j-m+1-a)(j-m+1-a)]"*j,m—1,a, a
LV i, m, ay, az)

1
=V2 (-1t —a)(j—m—a,)(j—m—ar)"?|j,m, a\,ar+1)
1
+v5a][(j+m+ l)l(j_m_aZ)]uzlj, m+ 1’ ap— 15 aZ)
; 1 : 2|
LV )|j, m,a,, a2)=v§a,(1-m+1—al) lj,m, e, —1, &)
1
_VE (_l)a](l '_QZ)[(]._ m+1 _al)(j-l- m)]h'zl]-, m-= 1’ ay, d+ 1)
1
L(W-i-)l]a nt, ay, a2)=v5(1 _al)(j_m_a?)(j_m_al)-lnf! m,a+1, a2>
I
+v5(_1)a[a2[(j+m+ l)l(j_m_al)]uzlj'tm"' 1: Qy, A= 1>
1
LW )lj, m, ay, ay =175 (“1)e(j-m+1- o) 2j, m, ay, @z~ 1)

1
—Vi(l—a,)[(j—m+1—a2)(j+m)]”zfj,m—1,a;-i-l,az).

It is fairly straightforward to check that the above irreducible representation of the
spi(2,1) has a finite dimension §j. ,

As an example, we write (2+2) dimension irreducible representation of the
spl(2,1), when j=1, that is,

2 0 00 00 0 0
0 -1/2 0 0 600 0 0
L@d=14 o 00 LB=16 0 —12 0
0 0 00 00 0 12
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0010 0]

0000
(@)= 000 0

(0 0 0 0]

[0 0 0 0] 0 0 V20

1000 0 0 0 0
L@2-)=lp 000 LVa=149 o 0 o0

L0 0 0 0] 0 V2 0 0

0 0 0 o0

0 0 UV2 0

LVI=1 9 o 0o o

-1/v2 0 0 ©

[0 0 0 1/V2 6 00 0

0 0 0 0 0 0 0 1/V2
LWI=10 1v2 0 o LW)=\ _ynva 00 o | @9

0 0 0 0 0 00 0

It is easy to see that this (2+2) dimension irreducible representation L is
substantially the representation D that is chosen for constructing inhomogeneous
differential realization of the spi(2,1).

We have obtained the homogeneous and inhomogeneous differential realizations,
the corresponding boson-fermion realizations of the spl(2,1) and its indecomposable
and irreducible represenations. All the finite-dimensional irreducible representations
of the spl(2,1) can be naturally obtained on the subspace of the generalized Fock
space. Our method can be generalized to any Lie algebra (or superalgebra).
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