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Abstract

We show that Dirac (Kemmer) equations are intimately connected wi_ (para)supercharges

coming from (para)supersymmetric quantum mechanics, a nonrelativistic theory. The

dimensions of the irreducible representations of Clifford (Kemmer) algebras play a fundamental

role in such an analysis. These considerations are illustrated through oscillatorlike interactions,

leading to (para)relativistic oscillators.

1 Introduction

Supersymmetric quantum mechanics (SSQM) as initiated by Witten [1] is

characterized by a superposition of bosonic and fermionic operators, leading from an

algebraic point of view to the so-called Lie superalgebras [2]. It is now well known [3] that

some of their generators i.e. the supercharges, can be related to Dirac hamiltonians if the

spin-orbit coupling procedure [4] is under study. In particular, when oscillatorlike

interactions are considered, this connection gives rise to the Dirac oscillator [5] whose

nonrelativistic limit corresponds to an ordinary harmonic oscillator with a strong spin-orbit

coupling term.

Moreover, extensive studies have recently combined bosons and parafermions [6]

leading to parasupersymmetric quantum mechanics (PSSQM) [6,7,8]. The Lie structures

subtended by this generalized context are now referred to as parasuperalgebras [9]. We

plan to show [10] here that the corresponding parasupercharges can be connected with

Kemmer hamiltonians [1 1] when a specific procedure of parasupersymmetrization,

compatible with Kemmer algebras [12], is considered. We also prove [13] that the
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nonrelativistic limit of the associated Kemmer oscillator is an ordinary harmonic oscillator

still coupled with a spin-orbit term but where the values of the spin involved in this term

are now zero or one.

The contents of this communication are then distributed as follows. In Section 2, we

point out the connection between SSQM and Dirac hamiltonians through the free case

and the harmonic oscillator one. Then, in Section 3, we visit the extension to the

parasupersymmetric context by considering again the free and the harmonic oscillator

contexts.

2 Supersymmetric Quantum Mechanics and Dirac Formalism

Let us recall that the N=2-supersymmetric quantum mechanics [1] is characterized

by the existence of two supercharges Q1 and Q2 satisfying the relations

I Qa QI_} = 2 6 H (2.1)/ ' al_ ss '

Hss'Qa- = 0 , a,13 = 1,2 , (2.2)

where Hss is the supersymmetrichamiltonian. In the so-called spin-orbit coupling

procedure [4], these supercharges are realized through 4 by 4 matrices associated with

the irreducible unitary representations of the unitary Lie superalgebra su (2{2) [14],

when the 3-dimensional spatial context is under study. More precisely the free case

corresponds to

p2 -

= , (2.3)Hss 2m

1 JpJ
Q_ = _2m q)_ , a = 1 ,2 , (2.4)

where the sum over repeated indices is understood• As the hermitian matrices

generate su (212), we can propose the following choice

J

• • j
(PJ1= e_j' (P]2 = i_,_ , (2.5)

262



leading to identify the free Dirac hamiltonian H D with

H D -- (z. p +ml_ = "12m Q1 +m13. (2.6)

Here the velocity of light is taken to be one. The second supercharge leads to a new

Dirac hamiltonian unitarily equivalent to the usual one given by Eq. (2.6), as it is easily

verified through

U = 1 (I+i_). (2.7)
_2

The harmonic oscillator case can be studied in a completely parallel way. Its

supersymmetrized version is characterized by

(2.8)

---!--- (_.' P - i m m 13_. x ) (2.9a)
Q1 = ;'2 rn-

(- )Q2 = 1__1__ il3c(. _ +mo)_z. x . (2.9b)
T2m

These two supercharges (2.9) give rise to two (unitarily equivalent) Dirac hamiltonians by

using analogous identifications to (2.6), the first one coinciding with the Dirac oscillator

proposed by Moshinsky and Szczepaniak [5]. These two operators lead to the same

nonrelativistic limit [15] i.e. an ordinary harmonic oscillator with a strong spin-orbit

coupling term.

3 Parasupersymmetric Quantum Mechanics and Kemmer
Formalism

The relations characterizing the N=2-parasupersymmetric quantum mechanics in

terms of the two parasupercharges Q1 and Q2 write [10]

Q3"3QI_QaQI_a = QaHPss ' (3.1)
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I 21 Q Q_ Q3 = Q,H (3.2)2 Qa'Qp Qp " a PSS '

i=o,  ,13 = 1,2,H PSS' Qa o_ _ _, (3.3)

where Hpss is the parasupersymmetric hamiltonian and where there is no summation

on repeated indices.

The 3-dimensional free case is still associated with (2.3) and (2.4) but now the

J correspond to the Kemmer algebra K (4) [12]matrices koa

(3.4)

Here the matrices _. satisfy

13,1_v13x+13_13v13, = 2g,v_x+2g..;_13, ' goo == "gil = 1. (3.5)

This realization enables the following identification for the free Kemmer hamiltonian [11]

0 lip j 0 0H,< == 13 ,13 +ml], =212m Ql+ml3 , (3.6)

and it also ensures a new proposal with respect to the second parasupercharge, unitarily

equivalent [10] to the one proposed in (3.6).

The harmonic oscillator context is subtended by parallel identifications leading in

particular to

The nonrelativistic hamiltonians corresponding to (3.7) in the spin 0 and spin 1 cases are

respectively given by [13]

_2
= + 1 2 x2- 3. co, (3.8)

H° 2m _-me 2

- (
p2 _- 2x 2 (o 3 2 (3.9)=_+ me - + • ,

H_ 2m 2
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where Sj (j = 1,2,3) refer to the 3 by 3 spin 1 matrices. Through these results, the

system described by the hamiltonian (3.7) is called the Kemmer or pararelativistic

oscillator [10].

4 Acknowledgments

One of us (N.D.) would like to thank the Organizers of this Workshop for a financial

support.

References

[7]
[8]
[9]

[10]

[12]

[13]

[14]

[15]

[1] E. Witten, Nucl. Phys. B 188,513 (1981).

[2] J.F. Cornwell, Supersymmetries and Infinite Dimensional Algebras (Group Theory

in Physics 3) (Academic Press, New York, 1989).

[3] J. Beckers and N. Debergh, Phys. Rev. D 42, 1255 (1990).

[4] A.B. Balantekin, Ann. Phys. (N.Y.) 164,277 (1985),

[5] M. Moshinsky and A. Szczepaniak, J. Phys. A 22, L817 (1989).

[6] Y. Ohnuki and S. Kamefuchi, Quantum Field Theory and Parastatistics (University

of Tokyo Press, Tokyo, 1982).

V.A. Rubakov and V.P. Spiridonov, Mod. Phys. Lett. A 3, 1337 (1988).

J. Beckers and N. Debergh, Nucl. Phys. B 340,767 (1990).

J. Beckers and N. Debergh, J. Phys. A 23, L751S (1990).

J. Beckers, N. Debergh and A.G. Nikitin, On Pararelativistic Quantum Oscillators, to

be published in J.Math.Phys. (1992).

[11] K.M. Case, Phys. Rev. 99, 1572 (1955) ; 100, 1513 (1955) ;

E. Schr6dinger, Proc. Roy. Soc. (London) A 229, 39 (1955).

H. Garnir, Acad. Roy. de Belgique, Classe des Sci., M_moires Coll. in 8 ° 23, Fasc. 9

(1949).

N. Debergh, J. Ndimubandi and D. Strivay, On Relativistic Scalar and Vector

Mesons with Harmonic Oscillatorlike Interactions, PTM 92/07, preprint Univ. Liege

(1992).

J. Beckers, N. Debergh, V. Hussin and A. Sciarrino, J. Phys. A 23, 3647 (1990).

M. Moreno and A. Zentella, J. Phys. A 22, L821 (1989).

255




