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The paper analyses the dynamics of the whole set of variables which generate
the extended phase-space in the standard BRST Hamiltonian approach. The main
interest is devoted to the investigation of the mutual influence that the real (physical)
fields and the ghost-type variables determine upon each other when the ghosts are
considered as being physical fields, too. The Freedman-Townsend model will be
considered as a concrete application.

1. INTRODUCTION

The Freedman-Townsend model represents one of the most fruitful model
of 1-reducible gauge theories and, in the same time, it is directly connected with
the Witten’s string theory. The model was intensively studied in the frame of the
BRST formalism, both at the Lagrangean [1–3] and at the Hamiltonian level [4].
In this last context we mention the papers [5, 6] where an irreducible BRST
procedure for our reducible model is applied. Using the equivalence between the
Hamiltonian and the Lagrangean formalism, the sp(3) Lagrangean description of
the model has been obtained in [8].

The present paper offers an approach which effectively takes into account
the reducible status of the model. This means that the general algorithm for
reducible theories presented in [7] will be applied. On the other hand, the study
will be extended in the sense of considering the ghost fields as being real and
trying to take into account the equations of motion for these “unphysical”
variables. The main question we will look for answer will be if the initial model
is equivalent with the one obtained when the whole set of generators, real and
ghost types, are considered as being real variables. This is an important question
taking into account that a direct comparision between the action of the initial
model and the extended action obtained in the BRST frame is not possible, as
long as the two actions are defined in different spaces.
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The paper has the following structure: after this introductory part, the
canonical analysis of the Freedman-Townsend model is reviewed. In the third
section the standard BRST Hamiltonian formalism for our model is completely
implemented. The possibility of recovering the main structure of the model when
the equations of motion for the ghosts are taken into account is tackled out in the
forth section. Some concluding remarks and comments concerning the
advantages offered by the use of the equations of motion for ghosts will end the
paper.

2. CANONICAL  ANALYSIS  OF  THE  MODEL

We will start with the canonical analysis of the model and we will present
then how the standard BRST symmetry could be implemented in this case. The
starting point is represented by the Lagrangian action
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where mBμν  represent some antisymmetric tensor fields and the strength field has
the form:
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The structure functions m
nrf  are real constants in our model. The canonical

analysis of this model leads to the following set of constraints:
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A direct check shows that (2) are first class constraints and (3), (4) second
class; moreover, (2)m

iΦ  are 1-reducible. The first class constraints, the first class
Hamiltonian and the reducibility relations will be:
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3. THE  BRST  HAMILTONIAN  FORMALISM

The canonical analysis of the Freedman-Townsend model shows that the
secondary constraints only are reducible. The reducibility relations ask [7] for
supplementary variables associated to the reducibility functions. The problem
that occurs is: the number of the ghost generators corresponding to the
(irreducible) primary constraints is less than that for the secondary constraints.
This “symmetry breaking” on the number of generators is solved either by using
an irreducible mechanism for the reducible constraints [5, 6] or, by contrary,
using the reducible technique for the set of irreducible constraints. This second
alternative will be applied here: we will equalize the number of the ghost
variables used for each type of constraints by introducing supplementary
variables which will oblige the irreducible primary constraints to satisfy some
relations and, by that, to become reducible. The Koszul-Tate complex of the
theory will be generated by the following set of real and ghost momenta:

( ) ( ){ 1 2 1 }m m m m
AP p p P P m dΔ Δ

μ μν μ≡ , , , , Δ = , , = , , . (8)

The canonical structure of the extended phase space is assured by a similar
set of ghost type variables:
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Using the homological perturbation theory we obtain the following
expression for the BRST charge, Ω:
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The extended BRST Hamiltonian can be put in the form:
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The existence of the quadratic term in the Hamiltonian will be used later on for
recovering the temporal component of mAμ ,  loosed by passing to the Dirac bracket.

The main problem to be solved from now on consists in obtaining a gauge
fixed Hamiltonian, without unphysical degrees of freedom. This could be done
by choosing a suitable gauge fixing function K. The form of the gauge fixed
Hamiltonian is [9]:

[ ]KH H K= + , Ω . (12)

The complexity of our model will lead to the following possible expression
for K:
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The Hamiltonian (12) with the gauge fixing function (13) will lead to the
covariant gauge fixing action:
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4. THE  EQUATIONS  OF  MOTION  IN  THE  EXTENDED  PHASE  SPACE

The presence of the other variables helped us in obtaining a covariant form
of the action but we still have to consider the equations of motion for these
second part of variables. We will write them down and we will see that, on the
basis of their use, a gauge fixed action without unphysical degrees of freedom
can be obtained and there is not necessary to impose supplementary vanishing
conditions for the ghosts in the asymptotic states. Moreover, we will see that
there are some dependencies among the fields, so that a limited number of fields
can be considered as being fundamental in our model.

Starting from the gauge fixing action (14) we obtain the following
equations of motion:
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We can note that, step by step, the remaining ghost variables can be
expressed in terms of the real fields mAμ .  It is also important to see that the

equations from (15) to (18), written for the ghost fields, contain the ghost
momenta mPμ  and Pm only. The other equations mix the fields and their

associated momenta.

5. CONCLUDING  REMARKS

Let us note that: (i) the equations of motion for the real (physical variables)
are not affected by the choose of a particular form of the gauge fixing function
K. They have the same form before and after the gauge fixing procedure is
applied; (ii) in the extended phase space there is a symplectic structure given by
the generalized Poisson bracket that can be used in order to describe the
dynamics of the system seen as being generated both by the real and by the ghost
variables; (iii) by writing down the equations of motion for the ghost fields, we
will obtain some equations which should allow in principle to express the ghost
momenta mPμ  and Pm in terms of the real fields mAμ . By keeping walking, these

expressions of mPμ ,  used in their own equations of motion, offer the possibility

of obtaining also the ghost fields in terms of mAμ ,  and afterwords the real fields

mBμν  again in terms of .mAμ  By that, the fields mAμ  prove to be the fundamental

fields of the model. This is an important conclusion which will be speculated
when a mechanical Freedman-Townsend model will be defined by similarity
with the Yang-Mills model [12]. A single set of color factors, ( ) ( ),mf t  will be
enough in this respect. The problem will be tackled out in another occasion.
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