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We bosonize the (10) Lie superalgebra in two dimensions i.e. we construct bosonic
operator which satisfy the anticommutation relations of the (10) super-symmetry
generator.

The idea of bosonization is one of the most interesting ideas in field theory!,
string and superstring theories?. It depends on the fact that in two dimensions bosons
and fermions are equivalent. In this paper we apply this idea to super Lie algebras.
The idea can be explained as follows. If we have a supersymmetry that transforms
a boson B to a fermion F then applying the idea of bosonization we replace F by
a boson say B,. The symmetry B— B, is a bosonic one. This example shows that one
can replace the fermion operators by bosonic operators which satisfy the same
algebraic structure.

We begin by bosonizing the two dimensional (10) Lie superalgebra given by

{Q+, Q.) =200, (1)
where

Q, = 4/36* + 8" 9, , .-.(2)

d,,=0/30%*

0..= %= I/N2(7 % 0) ..(3)

and 9% is an anticommuting variable.
Choosing o™ as our time coordinates, i@, , will be its canonical conjugate i.e. the
Hamiltonian. Hence we rewrite the (10) superalgebra in the form

(Q., Q) =2H (@)

Q., H} = 0. ---(5)
Now we would like to construct a bosonic operator, say B, which satisfy

{B, B} = 2H

(B, Hl = 0 ...(6)



906 A.S. HEGAZI AND E. AHMED

and this is what we mean by bosonization of the Lie superalgebra. To do this con-
sider a fermonic harmonic oscillator with creation (annihilation) operator f* (f)

sty =1

f=r=o D
The hamiltonian of this system is

H=f"f ---(8)
We claim that H in (8) satisfy the relations (6) since

{H, HY = 2H

(H, H] = 0 09

as can be proven using (7). Therefore the bosonization of (10), and analogously (01),
Lie superalgebra is given by eqns. (7), (8) and (9).

The algebra (7), (8) and (9) is also the bosonization of the supersymmetric quantum
mechanic algebra.

ot =2 ) a0
[Qh H] = [QZ’ H] =0
Qi =0i=0

where O, = gb™ f* and Q, = gb* [~
[b—: b*] =1, l.f_’f+] =1
b, /*1=0 (f*)* =0

where g is an arbitrary constant; b* and f* are the Creation and annihilation
operators for the bosons and fermions. (We note that Q, coverts a boson into fer-
mion, while Q, does the opposite).

We note (Q,, Q,, H) reduces to (10) Lie superalgebra via the transformation?

Q.= + G, Q =i{(Q -Q)
{Q-f-’ Q~’ 0 » [Qt, H] = 0
QL = Q% = {0, Q,) =2H. (H)

We would like to make it clear that the bosonized algebra is not a Lie algebra
hence there is no contradiction theory*. '
Finally we would like to comment on the Virasoro algebra:

Ly Ll = (1= M) Lysra + C/12 m(m? = 1) 85y mo (12)
and its supersymmetrization

(Lys Fol = ¥ (m - n) Fp,,

{Fpy Fu} = 2y + % D (m? - 1/4) 8y, meo- .(13)
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It is not clear whether or not our discussion extends to this case however, it is
known? that there are representation of super Virasoro algebra which are built en-
tirely of representations of Virasoro algebra. This motivates us to anticipate that the
set of generators of the bosonized super-Virasoro algebra may be equal to the set
of generators of the Virasoro algebra. This was the case for the case of the (10) super
Lie algebra.

REFERENCES

R. Streater and I. Wilde, Nuc/. Phys. B24 (1970), 561.

M. Green, J. Schwarz and E. Witten, Superstrings Vols. 1, 2, Cambridge University Press, 1987.
L. Gendenstein and 1. Krive, Sov. Phys. Usp. 28 (1985), 645.

E. Humphreys, Introduction to Lie Algebras and Representation Theory. Springer Verlag, 1972.
D. Friedan, Z. Qiu and S. Shenker, Phys. Rev. Lett. 52 (1985), 1575.

[V NS



