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Abstract

Starting out of an anomaly free Lagrangian formulation for chiral scalars.

ivhich includes a Wess-Zumino term (to cancel the anomaly), we formulate

he corresponding hamiltonian problem. Then we use the (quantum) Siégel

nvariance to choose a particular solution, which turns out to coincide with

he one obtained by Floreanini and Jackiw.
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Chiral bosons are very important objects in two dimensional space-

time[l]. They play a major role in the construction of string theory[2] and

their quantization has recently received much attention[l][3][4][6][S).

A lagrangean describing chiral bosons may be written as an interaction

of massless bosons with a conveniently chosen gravitational field as below[4]

=1^4** data?* (i)

where A is a doubly self-dual field realizing the chiral constraint.

Classically, the system admits the Siegel invariance[5]

td-<$> (2.a)

6\ = -d+€ + £&-A (2.6)

which is nothing but the infinitesimal expansion of reparametrization trans-

formation



x'_ = x_ (3)

Canonical quantization is straightforward. The momentum conjugate

to the field A is zero, constituting a first class constraint.

The canonical hainiltonian is given by[Gj:

2(1 +A)

Fixing the gauge as , e.g. A = 0 , the system turns out to be second

class[7], and commutators may be computed. We get the results of ref. [l]:

d-<f> = 0 (56)

However, the system is anomalous, due to a break of Siegel invariance,

eqs (2) and (3), at the quantum level. Thus we have to quantize an anoma-

lous system, and we may wonder wether solution (5) still remains a solution

of the non anomalous theory, which is obtained including a "Wess-Zumino"

term in the action (1), as considered in [8], and derived abo in [9] using

functional methods.



The modified lagrangean reads

C = d+4>O-<p + \(d+<l>)2 + a\di4> (6)

where a = ^ g .

Iu the lagrangean formulation[S], one defines a nilpotent BRST charge:

(7«)
J *

where

and b is a Grassmann variable.

In this ca.se, physical states are defined as equivalence classes, in such

a way that:

Q\phijs >= 0 (8)

\plujs >« \phys > +Q\anything >

Now, in order to study the model with lagrangian (6) instead of (1),

we proceed first stating that the quantum gauge symmetry, replacing (2a)

and (2b) is:



\ (96)

and although the additional term in lagrangean (6) breaks gauge invariance,

we may again choose a kind of "gauge condition" for Ain the quantum case.

However at the classical level, this means that we choose a section in the

space of solutions such that A « f(x).

Let us consider the canonical hamiltonian corresponding to (6):

Hc = Jdxl{*t<<>'+ lxx(<t>' - *,) - A*i - ^ ( 1 + \)*i}. (10)

At this point we impose the external constraint

0 . (11)

and without loss of generality we choose f(x) to be a constant. Requiring

now constancy in time of eq.(ll) we get a new constraint:

fi2(x) = *+ — <f> +•—(!+ f^x^O (12)

On its turn, constancy in time of n2(^) gives rise to a third and last

constraint:

( l + / ) i « 0 (13)



We are able to apply Dirac's method to quantize the above system. As

it turns out, the only non vanishing commutators are:

The TT\ (x) Meld is classical in the sense that it commutes with all fields,

including itself. Using the hamilton equations of motion of <j> and K\ we

find

and

ÍÍ-A = O (15)

thus we obtain, together with the constraint f ^ x ) , at f=0,

(d-4>)2 + adl<j> = 0 (16)

which is the relation obtained in[S], and replaces eq.(5b) in the present case.

However, as we pointed out, the ft\ field is essentially classical, constant in

time and obeys eq.(13). We are safe to put it equal to zero, obtaining the

strong condition (5b).

The gauge f=-l leads immediately to x\ = 0 (actually we obtain a

constant, which may be taken as zero).



We conclude stating that the Wess-Zumino term is important in a

lagrangean formulation in order to understand the off sell structure and

objects such as the partition function[0] or gauge structure. As far as the

on shell structure of chiral bosons is concerned, the solution may be obtained

via a gauge fixing procedure. However further insight may be gained from

more recent advances[10].
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