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Abstract. We construct a two-parameter deformed superoscillator algebra of n-bosonic and m-fermionic g-
deformed Newton oscillators. These deformed oscillators are invariant under the undeformed Lie supergroup
U(n | m). It is shown that the bilinears constructed from the annihilation and creation operators of this
deformed superoscillator algebra satisfy (qi,¢z2)-deformed commutation relations which can be used to
define a deformed Lie superalgebra 0spg, ¢, (21 | 2m, R) whose Lie super subalgebra u(n | m) is undeformed.

1 Introduction

g-deformations of Lie groups and Lie algebras have yielded
many applications in a wide spectrum of research cover-
ing mathematical physics, statistical physics and high en-
ergy physics. Due to the fact that these g-deformations
can be considered as quantum groups [1,2], another inter-
esting research field has spontaneously arisen, concerned
with the relation between quantum groups, their associ-
ated algebras and ¢-deformed oscillator systems. Mean-
while oscillator constructions of several quantum groups
and algebras have extensively been investigated [3-5]. Re-
cently, another interesting paper related to this field, start-
ing from the n-harmonic oscillator realization of the Lie
algebra sp(2n, R), has shown that this approach is useful
in the study of integrable systems [6]. In this context, it
is natural that generalizations of these simple Lie alge-
bras and Lie groups to Lie superalgebras and supergroups
have been considered by some researchers [7-9]. However,
in the early days after the introduction of this notion, the
oscillator-like constructions of some non-compact groups
and supergroups were derived and subsequently applied
to the unitary representations of the supergroups of ex-
tended supergravity theories [10]. In the past decade sev-
eral such investigations have become strongly connected
with the supersymmetric theories. Roughly speaking, a
supersymmetric algebra can be considered as a supersym-
metric quantum mechanics involving the fermionic and
the bosonic operators and therefore it unifies the quan-
tum statistics between Bose and Fermi statistics. It should
be mentioned now that a generalized statistics was in-
troduced by considering it to be a possible extension of
quantum statistics [11]. In particular, several forms of su-
persymmetry structures such as parasupersymmetry or
orthosupersymmetry have extensively been studied and
found applications in some physical models, e.g. the quan-
tum Hall effect [12]. The idea of supersymmetry and its

development is one of the cornerstones of the construction
of field and string theories [13].

The aim of this letter is to construct some particu-
lar deformed Lie algebras. We will construct these al-
gebras, spg, (2n, R) and sog4, (2m, R), by considering the
bosonic and fermionic multidimensional g-deformed New-
ton oscillators which are invariant under the undeformed
Lie groups U(n) and U(m), respectively. We then extend
our construction to describe the defining relations for the
(g1, g2)-deformed Lie superalgebra ospy, 4, (2n | 2m, R) by
using n-bosonic and m-fermionic g-deformed Newton os-
cillators invariant under the undeformed Lie supergroup
U(n | m).

2 The construction of the deformed
Lie algebras sp,, (2n, R) and so,,(2m, R)

Let us first recall that the ¢;-deformed bosonic Newton
[14,15] oscillator satisfies the following relations:

aiaj - qla;rai = Héyj,
aiGj; = Qjaq, (1)
aiH:quai7 7’7]: ]-723"'7”7
where a™ and a are the bosonic creation and annihilation
operators, respectively. By rescaling a and a™, H can be
considered as ¢V, where N is the total number operator
and q1 € R,q1 > 0.

We now take the m-bosonic ¢i-deformed Newton os-
cillator invariant under the undeformed Lie group U(n)
which satisfies the relations given by (1). The bilinears
constructed from the annihilation and creation operators
of this oscillator are as follows:

1 1 1
Ti; = aaj + —(Héij) = = | afa; + —aja; 2
= a; a3+2q1( ij) 2(“1 aj—|—q1a]al , (2)
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Kij = aiaj7 (3)
Lij=afaf =K, i,j=12.,n. (4)

Ju?

These generators define a deformed Lie algebra spy, (2n,
R) and they satisfy the commutation relations

H
(Tij, Thi] = o (01T — 01iTk;) (5)
H
[sz: Klm}ql—Q = _a (5liij + 5miKlj) ) (6)
H
[Tzw Ly, ] = qT (6ijin + 5jnLim) , (7)
[Kij,Klm} = [Lijale] =0, (8)
[KZJa Ly, ] 4= q1 (5]anz + 6zan] + 5jnTmi
+5znij) ) (9)
and
[Tonn, H] = 0, (10)
[Kmn,H} 2 = 0, (11)
[Lmn,H] 2= =0, (12)
where [A, B], = AB — ¢ BA.

On the other hand, the gs-deformed fermionic Newton
oscillator satisfies the defining commutation relations:

f,ufj +q2fjfu =Hé

v
f,u.fl/ = 7fuf/u (13)
ful =@Hf, pr=12..m

where f* and f are the fermionic creation and annihila-
tion operators, respectively. By rescaling f and fT, H can
be considered as ¢2', where N is the total number operator
and g2 € R,q2 > 0.

We take the m-fermionic go-deformed Newton oscil-
lators invariant under the undeformed group U(m) and
choose bilinears constructed from the annihilation and cre-
ation operators of this oscillator as

1 1
f fv — (Héuu):2<f:fu_(]2fufj)u (14)
,uz/ = f,ufua (15)
= f’[j_flj_ :Klj_l,b7 /’L7V: 1727"',m (16)

By using these generators, the following commutation re-
lations can be verified:

H

[Ty Tap] = - (OvaTyup — 0ppTav) (17)
H
[T Kaply-2 = . (OpuKav = danKpy) (18)
H

[TMV’ Laﬁ]tf = qf <6VQLH,3 - 61’5[’#&) ) (19)
[K#WK ] = [L#VvLOéﬁ] =0, (20)

[Kum L, ] = QQ (5/mT[3v - 5vaTBu + 5V6Tau
_5#[3Tau) > (21)
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and
[T;wa H] = 07 (22)
(Kuw, H] 2 = 0, (23)
[L,“,,H] ;2= 0. (24)

Equations (17)—(24) define a deformed Lie algebra sog,
(2m, R). It is noteworthy to say that (5) and (10) as
well as (17) and (22) show that the deformed Lie alge-
bras spg, (2n, R) and so,, (2m, R) have an exact u(n) and
u(m) undeformed Lie subalgebra, respectively. It should
be pointed out that (2) and (14) give the construction
proposed by Schwinger [16] in terms of the g-deformed
Newton oscillators.

Furthermore, it is interesting to investigate whether g-
deformed Jacobi identities can be satisfied solely by using
the equations given in (2)—(12). The general g-deformed
Jacobi identity was first introduced by [8] and applied to
the Biedenharn-Macfarlane oscillator algebra [3]. In our
case we use (5)—(12) to show that ¢;-deformed Jabobi
identities such as

[Klpa [Lmn; Tij]ql}ql + q1 {Lmn, [ 179 Klp] ]
a
+ Ti_’j7 [Klzn Lmn]q%:l = 07

Lol -
+ Tpra[Kij7Klm]q%:| :Oa

] ]qfl

+ Tpm [Lij»le]qf} = 0,

|:Kij7 [KlmyTpr]ql}ql + Q1 |:Klm7 [Tp,,"K

|:Lij7 [lea Tpr]ql} ‘ + q1 {Llnu [Tpra L

are satisfied.

Before going to the construction of the deformed super-
oscillator algebra mentioned, we need to say a few words
on the realizations of undeformed and deformed Lie al-
gebras in terms of oscillators. The importance of oscilla-
tor construction of groups appearing in supergravity the-
ories was recognized two decades ago [17]. Furthermore,
Schwinger’s construction of the classical Lie algebras has
been well known, and its possible relations to the classical
Lie algebras constructed with other approaches have been
investigated [18,19]. However, the g-deformed su(2) con-
struction by Biedenharn-Macfarlane [3], which is a gen-
eralization of Schwinger’s construction of the Lie algebra
su(2), has been used in some problems of physical interest
such as the Bloch electron problem [20]. Another interest-
ing application of deformed Lie algebras via the Schwinger
construction is to two-dimensional statistical lattice mod-
els. These models exploit the undeformed fermionic oscil-
lators which are transmuted into anyonic oscillators [21]. A
two-parameter extension of the deformed Lie algebras us-
ing the Schwinger approach has also been studied and the
resulting two-parameter quantum algebra together with
its representation is found in terms of p, g-deformed har-
monic oscillators [22,23].
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3 The construction of the deformed
Lie superalgebra osp,, 4, (21 | 2m, R)

We now investigate the deformed construction of the Lie
superalgebra mentioned above by using the g-deformed
bosonic and fermionic Newton oscillators. We specifically
consider the commutation relations in (1) and (13) to-
gether with the relations

a/ifu = rfuaia
azfj = Sfjah

where r and s are parameters which can be determined
from the deformed anti-commutation relations as

5 = /4192,

q1
-, 26
q2 ( )

(25)

T =

where g1 and ¢o are again deformation parameters of the
bosonic and the fermionic Newton oscillators, respectively.
The deformed generators given in (2)—(4), (14)—(16), and
the fermionic generators

Tiu, = aif/j_a TV] = fl/aj7

_ _ et
Ki,u = aiflu Li/t =a; fﬂ

(27)

satisfy the following commutation and anti-commutation
relations:

[K/JV7Ti)\]ng;1 = ng (511)\Kip, - 5;1,)\Kiu)7 (28)
%
[K;uu Lik]qlqg - aH (61/)\Tui - 5uATui) 5 (29)
q1
(Lo Tailg, g7 = EH(_(SMLJ’V +owLju),  (30)
H
[LuVaKiA]qflq;3 = _E (6>\uT’iV - 6)\V717;u) 5 (31)
(Kijs Torl gt =\ @102H (356 Kiv + 0irKj), (32)
(Ko Liewl g3, = @ H (056 To + 0k Tj) 5 (33)
H
(Lijs Tl gyqr = 7 (Oki L + OkjLip) (34)
H
[Lijs Kiplysrg-2 = === OniTpj + 0xTi),  (35)
V 4192
H
R e (36)
H
[Ty Tkl gy = o ik Lvi, (37)
H
[Tij’Kku]ql—lq,;l = _qflékin#v (38)
H
[Tijs Lipl g, g0 = qfl(sjkLm, (39)
H
[ZtuaﬂA]qufl = g%xTuu (40)
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H
[TuwT)\j]qlqz—l = _q;(s)\uTujv (41)
H
T Kinl gz = = Ol (42)
H
[Tl“v’?Li)\}qqu = q;(;vALiw (43)
[Tij,KW}q;g = [Tij7LW]q§ =0, (44)
[KijaT,uz/]qf = [LijaT,uu]ql—"’ =Y, (45)
(Tigs Tuw) = [Kij, Kyl =2 = [Kijy Lol gz 2
= O,
[Kij’Tk/‘}qwz = [Kij7Kk/Jqlq;1 = [LijaKlw]q;2q;2
= O,
(Lijs Lyl gz g2 = [Ligs Turl =121 = [Ligs Ll gy g1
= 0,
[K‘uV’T)\j}q1q2 = [KW,Ki,\]qqu_l = [L#V,E)\]ql—lqz—l
= 0,
[Lul/; Li)‘]qlqgl - 07 (46)

q1
{Ti/uTuj}qquQ = qu <q26u/LTji + 5ijT'/u/> ) (47)

[ 3
q
{T;'/,u Kju}q2—2 = éH(suuKija (48)
{Eu7 Lju}qf = %HaijLuua (49)
(T Kipbyr = 2 HE K, (50)
1 q1
q2
{(Tvjs Linkog = - HovuLij, (51)
{Ki,uaLjV}q%q% =V 2H (010, Tji — q20i5T0,) , (52)
{Tip: T} = {Tvj, T} = {Kips, Kju}
= {Lw, le,} =0, (53)
and also,
[Ty H) 1 = 0, (54)
(T, H] o = 0. (55)
K H], =0, (56)
(i H)1yr = 0, (57)

where ¢, j, k,l, m,n are bosonic indices and pu, v, o, 3, A are
fermionic indices. These commutation relations together
with (5)—(9) and (17)—(21) complete the construction of
the deformed Lie superalgebra ospy, ¢,(2n | 2m, R). It
should be mentioned that the generators T5;, K;;, L;; and
Tyuv, K, Ly, generate the even part of this deformed Lie
superalgebra as the deformed Lie subalgebra spq, (2n, R) X
804, (2m) where spg, (2n, R) is non-compact with the max-
imal compact subalgebra u(n),, and sog, (2m) is compact
and contains a u(m) subalgebra. Furthermore, the gener-
ators T, and T,; generate the Lie superalgebra u(n | m)
under the Lie superproduct which is defined as the anti-
commutator between the two fermionic generators given
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in (47). The standard construction of the Lie superalge-
bra osp(2n | 2m, R) can be recovered from ospg, 4, (27 |
2m, R) by applying the limits ¢g; — 1 and g2 — 1 [24,10].
We now wish to review the U(n | m) invariance of the
g-deformed supersymmetric Newton oscillators for which
we use the even and the odd generators of the superalgebra
constructed. The unitary supergroup action in the super
Fock space can be represented by the operator
u(a, f) = exp (iw"T, +i07T}) (58)
where T; denotes the even generators T;,T), given by
(2) and (14), and Ty denotes the odd generators Tj,, T,;
given by (27). w® and 6/ are real bosonic and fermionic
parameters, respectively. Thus, the invariance mentioned
follows directly from
(~Zi — UikAL, uikuj‘k = (Sij (59)
where u is defined by means of (58). One can verify choos-
ing (1) or (13) that g-deformed supersymmetric Newton
oscillators are invariant under the undeformed Lie super-
group U(n | m).

4 Discussion

As a matter of fact, the deformed supersymmetric os-
cillators are a new research trend in theoretical physics.
Earlier g-deformed versions of supersymmetric algebras
have been proposed by Parthasarathy [25] and Spiridonov
[26]. In connection with this, an interesting study related
to the g-deformed N = 2 supersymmetric algebra has
been published in [27]. The number operator and the Fock
space representation of a g-deformed supersymmetric os-
cillator is suggested by [28]. The remarkable point is that
the investigations mentioned have combined both con-
ventional fermion and boson operators as well as their
g-deformed versions. Within the context of a more fun-
damental theory such as supersymmetric quantum me-
chanics (SSQM) [29], the parasupersymmetric investiga-
tions including parabosons and parafermions have also at-
tracted a lot of attention in connection with parastatistics
developments such as the g-deformed parabosonic systems
using the Green’s ansatz by the Macfarlane method [30].
In particular, some questions related to “how SSQM can
be deformed by means of these developments” are other
important points and the realizations of the orthosymplec-
tic Lie superalgebras together with their representations
are intimately related to this deformed SSQM [31].

Furthermore, we wish to remark that the Hopf algebra
structure of the deformed Lie superalgebra ospg, q,(2n |
2m, R) in terms of the ¢-deformed supersymmetric New-
ton oscillators is an open problem, together with its pos-
sible relations to the other deformed versions of the Lie
superalgebra osp(2n | 2m, R).

As a final remark, we have constructed a two-param-
eter deformed Lie superalgebra ospg, 4,(2n | 2m, R) by
using the g-deformed supersymmetric Newton oscillators
invariant under the undeformed Lie supergroup U(n | m).
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Due to the growing interest in applications of supersym-
metry, we hope and conjecture that the realization of the
Lie superalgebra ospy, 4,(2n | 2m, R) will be a powerful
tool in such investigations.

References

1. M. Jimbo, Lett. Math. Phys. 11, 247 (1986); L.D. Faddeev,
N.Y. Reshetikhin, L.A. Takhtajan, Quantization of Lie
groups and Lie algebras, preprint LOMI, E-14-87 (1987)

2. V.G. Drinfeld, in Proceedings of the ICM, Berkeley 1, 798
(1986); S.L. Woronowicz, Commun. Math. Phys. 111, 613
(1987)

3. A.J. Macfarlane, J. Phys. A 22, 4581 (1989); L.C. Bieden-
harn, J. Phys. A 22 L873 (1989)

4. P.P. Kulish, E.V. Damaskinsky, J. Phys. A 23, 1415 (1990)

5. C. Daskaloyannis, J. Phys. A 24, L789 (1991)

6. A.J. Macfarlane, F. Wagner, Phys. Lett. B 468, 244 (1999)

7. M. Chaichian, P.P. Kulish, Phys. Lett. B 234, 72 (1990)

8. M. Chaichian, P. Kulish, J. Lukierski, Phys. Lett. B 237,
401 (1990)

9. M. Chaichian, P. Kulish, J. Lukierski, Phys. Lett. B 262,
43 (1991)

10. I. Bars, M. Giinaydin, Commun. Math. Phys. 91, 31 (1983)

11. A.P. Polychronakos, in Lecture Notes presented at Les
Houches Summer School in Theoretical Physics, Session
69, Topological Aspects of Low dimensional Systems, Les
Houches, France (7-31 July 1998)

12. F. Cooper, A. Khare, U. Sukhatme, Phys. Rep. 251, 267
(1995)

13. M.B. Green, J. Schwarz, E. Witten, Superstring theory
(Cambridge U.P., Cambridge 1987)

14. M. Arik, N.M. Atakishiyev, K.B. Wolf, J. Phys. A 32 L371
(1999)

15. K.A. Penson, A.I. Solomon, J. Math. Phys. 40, 2354 (1999)

16. J. Schwinger, in Quantum theory of angular momentum,
edited by L.C. Biedenharn, H. Van Dam (Academic, New
York 1965)

17. M. Glinaydin, C. Saclioglu, Phys. Lett. B 108, 180 (1982)

18. K.H. Cho, Su Park, J. Phys. A 28, 1005 (1995)

19. L.C. Kwek, C.H. Oh, Eur. Phys. J. C 5, 189 (1998)

20. K. Fujikawa, H. Kubo, C.H. Oh, Mod. Phys. Lett. A 12,
403 (1997)

21. M. Frau, A.R.M. Marco, S. Stefano, J. Phys. A 27, 801
(1994)

22. M. Arik et al., Z. Phys. C 55, 89 (1992)

23. L.V. Dung, N.T.H. Loan, Mod. Phys. Lett. A 10, 3083

(1995)

24. M. De Crombrugghe, V. Rittenberg, Ann. Phys. 151 99
(1983)

25. R. Parthasarathy, K.S. Wiswanathan, J. Phys. A 24 613
(1991)

26. V.P. Spiridonov, Mod. Phys. Lett. A 7, 1241 (1992)

27. W.S. Chung, Prog. Theor. Phys. 94, 649 (1995)

28. S. Meljanac, M. Milekovic, A. Perica, Int. J. Theor. Phys.
36, 11 (1997)

29. E. Witten, Nucl. Phys. B 188, 513 (1981)

30. A.J. Macfarlane, J. Math. Phys. 35, 1054 (1994)

31. J. Beckers, N. Debergh, J. Math. Phys. 37, 5297 (1996)



