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Abstract

The second order canonical formalism for the supersymmetric exten-
sion of the topologically massive 2+1 gravity theory is constructed. This
model containing the Chern-Simons term is a higher derivative one, so,
in order to define canonical momenta, the Ostrogradski transformation
is introduced. The set of first and second class constraints, which verify
the constraint algebra, are explicitly computed, and the total Hamilto-
nian, generator of the time evolution of the system, is written.

1 Introduction

In the last years, different quantum field theories of gravity and supergravity
in (2+1) dimensions have been investigated with increasing interest. Several
interesting problems are present in the (2+1) dimensional planar physics [1, 2].

The gravity or supergravity in (2+1) dimensions are described by a Chern-
Simons gauge theory of the Poincaré group ISO(2,1) or the de Sitter group [3].
In particular, the extended Poincaré supergravities in (2+1) dimensions as
Chern-Simons gauge theories can be obtained by performing an Inonu-Wigner
contraction of the Lie superalgebra of the de Sitter group Osp(1/2; C) or the
anti-de Sitter group Osp(1/2; R) × Osp(1/2; R) [4]. The (2+1)-dimensional
planar physics was also studied for a long time by several authors [1, 5]. There
is also mathematical interest in manifolds that are locally flat but topologically
non-trivial [6]. Furthermore, in the framework of the (2+1)-dimensional grav-
ity it is possible to study gravitational interactions in the presence of cosmic
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strings [7]. From some time ago it is well known that the Poincaré (and con-
formal) supergravity in (2+1) dimensions can be described by a Chern-Simons
term [8]. In [8] the supersymmetric extension of the gravitational Lorentz-
Chern-Simons term is studied and its important role in supergravity is shown.
Moreover, pure U(1) and SU(N) Chern-Simons theories and topologically mas-
sive theory in (2+1) dimensions were quantized by means of the Dirac formal-
ism [9]. The constraint structure and the symmetry properties of the dynamical
system were also analyzed. The dynamical unitary and possible renormaliz-
able topologically massive three-dimensional supergravity was also investigated
[10]. The counting power is established, and the theory is really 1-loop finite.
This is an interesting fact, however renormalizability requires not only correct
power counting, but a concrete regularization to ensure that no anomalies ap-
pear.
The dynamical systems described in terms of higher derivatives have been stu-
died by several authors [11] and constitute an interesting problem of current
research in quantum field theory. Other motivation to consider this kind of the-
ories is due to the fact that by adding terms highly derived in the Lagrangian,
they can be meant for regularizing ultraviolet divergences in the quantum the-
ory.
The discovery of black holes [12] considerably enhanced the interest in (2+1)-
dimensional gravity models. However, it is well known that general relativ-
ity in 2+1 dimensions does not have neither propagating degrees of freedom
nor Newtonian limit [13]. A physically interesting modification of the (2+1)-
dimensional general relativity that solves at least some of these inconveniences
is provided by the addition of the gravitational Chern-Simons term to the usual
Einstein-Hilbert term in the action. This theory is usually called topologically
massive gravity (TMG) [1].
In our previous work [14], the first-order formalism of the complete nonlin-
ear Einstein plus Chern-Simons third-derivative-order action in both metric
and dreibein forms were studied. In order to give a geometric picture of this
model, we have analized the topologically massive (2+1) gravity theory from
the group manifold point of view. Since the theory is formulated on the exte-
rior algebra, it results naturally invariant under coordinates transformations
or diffeomorphisms. In [14] the canonical exterior formalism was developed
with the purpose to show its direct connection with the Dirac bracket formal-
ism. This fact is advantageous when the model is quantized in the canonical
framework. Few years ago, a dinamically and topologically nontrivial model
for gravity in three dimensions was investigated [1]. Its action augments the
usual Einstein term by a topological one. Although local coordinate invariance
is preserved, the model represents a single massive spin 2 excitation.
In reference [15], the authors shown that a locally supersymmetric natural
extension exists, and is invariant under the usual supergravity transforma-
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tions. The fermionic action closely parallels the gravitational one. Its Rarita-
Schwinger part is also trivial, but when the (second derivative order) fermionic
topological term is added, the system describes a single massive, causally prop-
agating spin 3/2 excitation to accompany the graviton.
Therefore, the aim of the present paper is to study the supersymmetric exten-
sion of three-dimensional topologically massive gravity. We construct directly
the second order formalism, having in mind the presence of the higher order
derivative terms in the model.
The second order Hamiltonian formalism will be non trivial because the pres-
ence of second time derivative terms in the Lagrangian density. In the cases
of non higher derivative terms [16] this is solved by means of a partial integra-
tion. Due to the presence of the Lorentz-Chern-Simons form, in a second order
formalism it is not possible to obtain an action with only first time derivatives
on dreibeins. To eliminate the higher time derivatives a convenient trick is
to consider the Ostrogradski transformation [17, 18, 19] in order to introduce
canonical momenta. The problem of the presence of odd-derivative order, i.e
Chern-Simons terms in D = 3, was also analyzed in [20].
The paper is organized as follows: In section 2, some definitions and prelimi-
naries are given. In section 3, we summarize previous results in the first order
formalism of the pure bosonic model. In section 4, we construct the super-
symmetric Lagrangian density L. In section 5, the second order Hamiltonian
formalism is constructed, starting from the Lagrangian describing a topologi-
cally massive (2+1) supergravity. The set of primary constraints is analyzed,
and the Hamiltonian of the system, as generator of time evolution of generic
functional, is found. Then, from the primary constraints and following the
Dirac’s prescriptions, we define the secondary constraints. After the complete
set of constraints are analyzed and classified, the Dirac brackets can be found.

2 Preliminaries and definitions

The starting point is to consider the (anti) commutation relation of the super-
algebra and the curvature two forms in three dimensions. The superalgebra
in three dimensions is composed by the Lorentz generators Mab(a, b = 1, 2, 3),
the translations Pa, moreover the odd generators (supersymmetry generators)
Qα(α = 1, 2). Hence, it is obtained the three dimensional superalgebra given
by the following (anti) commutation relations:

[Mab,Mcd] = ηbcMad + ηadMbc − ηacMbd − ηbdMac (1)

[Mab, Pc] = ηbcPa − ηacPb (2)
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[Qα,Mab] =
1

2
(τab)

α
βQ

β (3)

{Qα, Qβ} = −2(τaC−1)αβPa (4)

In the first order geometrical formalism the dynamics is described by the 1-
form fields μB = (V a, ωab, ψα), where the compound index B = (a, ab, α) takes
values in the vector range a, in the tensor range ab and in the spinor range α.
The fields V a, ωab and ψα are the dreibein, the Lorentz spin connection and the
gravitino, respectively. The 2-forms dμB play the role of velocities. The curva-
ture 2-forms corresponding to the above fields are called RB = (Ra, Rab, Rα),
and are defined by:

RB = dμB − 1

2
CB

CDμ
D ∧ μC (5)

where the graded structure constant CB
CD and the constant symmetric Killing

metric γAB are related to the totally antisymmetric quantity CABC by the
equation:

CABC = γADC
D
BC (6)

The explicit expressions for the curvatures are written:

Ra = dV a + ωab ∧ Vb − i

2
ψ̄ γa ∧ ψ (7)

Rab = dωab + ωac ∧ ω b
c (8)

ρ(ψ) = dψ +
1

4
ωab ∧ τabψ + V a ∧ τaψ (9)

Throughout this paper we use the pseudo-Pauli real matrices τa (τ 0 =
iσ2, τ 1 = σ3, τ 2 = σ1) (a = 0, 1, 2) satisfying the algebra τaτ b = ηab + εabcτc
with ηab = (−1, 1, 1), εabc is the alternating tensor in tangent space and ε012 =
+1, and τab is defined by τab = [τa, τ b] = 2εabcτc

3 Previous results

In a previous work [14], we construct the first order formalism of the so called
topologically massive gravity, where the gravitational Chern-Simons term is
added to the usual Einstein-Hilbert term in the action. We start from a La-
grangian density 3-form, which is linear in the curvatures:

L = γABR
B ∧ μA +

1

6
CABCμ

C ∧ μB ∧ μA

= Rab ∧ V cεabc + dωab ∧ ωab −
2

3
ωab ∧ ω c

b ∧ ωca (10)
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The canonical momenta (1-forms) πA conjugate to the 1-forms field variables
μA obtained by functional variation of the Lagrangian density (10) with respect
to the 2-forms velocities dμA are given by:

πA =
∂L

∂ (dμA)
(11)

The set of primary constraints can be obtained from the Lagrangian density
and they are the relationship between the field and momentum variables not
depending on the velocities:

Φa = πa − ωbcεabc ≈ 0 (12)

Φab = πab − ωab ≈ 0 (13)

where the symbol ≈ implies weakly zero.
Starting from the Lagrangian, the canonical Hamiltonian can be defined:

Hcan = dμA ∧ πA −L (14)

Therefore, the total Hamiltonian can be defined as follows:

HT = Hcan + ΛA ∧ ΦA (15)

where ΛA =
(
Λa , Λab

)
are the Lagrange multipliers.

Introducing the fundamental equation of motion in the formalism, we find
the following general results:

dμA =
(
μA , HT

)
= ΛA (16)

To prove whether there are secondary constraints in the theory, we impose
the consistency condition on the primary constraints ΦA and we find

dΦA = (ΦA , HT )

= − [equation of motion] +
(
ΦA , ΛB

)
∧ ΦB ≈ 0 (17)

As (ΦA,Λ
B) ∧ ΦB is a weakly zero term, (17) implies the lack of secondary

constraints in the CCF.
To obtain the proper Hamiltonian H̃ of the theory -generator of time evo-

lution of generic functionals- we consider the 1-form gauge fields μA written
in the holonomic basis μA = μA

ν dx
ν , ν = 0, 1, 2 and A = a, ab. The (2+1)

decomposition is given by considering fields and forms defined on a space-like
x0 = t = t0 two dimensional surface Σ [21]. Thus, the proper Hamiltonian H̃
is defined by: ∫

HT =
∫
dx0 ∧ H̃ (18)
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where the 2-form H̃ can be written:

H̃ =
∫
μA

0 HA(x) d3x =
∫ [

La
0 Ha(x) +

1

2
ωab

0 Hab(x)
]
d3x (19)

where μA
0 are the temporal components of the 1-form fields μA. Considering

the restriction of (12) and (13) to the surface Σ, the following prescription is
made:

Φa |Σ= ψa ≈ 0 (20)

and

Φab |Σ= ψab = 0 (21)

Then, the explicit expressions for H̃(x) = HA(x)d2x are:

Ha(x) = −Rbcεabc − ω b
a ∧ ψb ≈ 0 (22)

Hab(x) = − 4Rab − 2Rcεabc + (ψa ∧ Vb − ψb ∧ Va) ≈ 0 (23)

where the antisymmetric and weakly zero quantities

Mab d
3x ≡ ψa ∧ Vb − ψb ∧ Va ≈ 0 (24)

directly appear as primary constraints because they are functionals of the
constraints ψA, which are the restriction to Σ of the primary constraint ΦA,
and they are the generators of the local Lorentz group of the theory. Note
that, in the context of this formalism, the appearance of the generators Mab is
absolutely natural. By computing the form brackets between the constraints
(22) and (23) we find:(

H̃A , H̃B

)
= CD

ABH̃D +WAB (μ, ψ) (25)

where WAB are weakly zero 2-forms, functionals of the primary second-class
constraints ψA. The equation (25) is very important because it shows that the
quantities defined in (22) and (23) are first class constraints in the Dirac sense.
So, we conclude that the proper Hamiltonian H̃ defined in (19) can be written
as a linear combination of the set HA of first class constraints, corresponding
to invariances of the theory under local gauge transformations. These last ones
are the two degrees of freedom of this theory.
The higher-derivative character of the theory do not allow go over to the second
order formalism directly from the CCF. This is due to the presence of second
time derivatives. For that reason, in the supersymmetric extension for this
model, we directly start from the second order formalism.
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4 Supersymmetric Lagrangian density L
Our starting point is to consider the supersymmetric extension of the three-
dimensional topologically massive gravity. The action is defined by means of
a Lagrangian density containing higher-derivative terms given by:

L = LE + L3/2 + LCS + LTF (26)

where LE is the usual Einstein-Hilbert term, playing the role of the “mass”
term, and it is given by:

LE = −R =
1

2
LμaRνρbc ε

abc εμνρ (27)

where R is the scalar curvature, Lμa are the components of the dreibein in the
holonomic basis (V a =3 La

μdx
μ) and ωμab are the corresponding components of

the spin connection.
The gravitational Chern-Simons term is a higher derivative one, and it is

viewed as the “kinetic” term,

LCS = ∂μωνab ω
ab

ρ εμνρ − 2

3
ω ab

μ ω c
νb ωρca ε

μνρ (28)

Its fermionic part is the sum of the (dynamically trivial) Rarita-Schwinger
action and a gauge-invariant topological term, of second derivative order, anal-
ogous to the gravitational one:

L3/2 = i ψ̄μ ∂νψρ ε
μνρ + i ψ̄μ ωνab τc ψρ ε

abcεμνρ (29)

LTF = Dαψ̄β ε
μαβτaτb Dρψσ ε

νρσLνaLμb (30)

where ψ is a Majorana spinor, and the covariant derivative is defined by:

Dμψν = ∂μψν + ωμab τc ψν ε
abc (31)

The explicit expressions, in components, for the three curvatures (7)-(9),
are written as:

R ab
μν = ∂μω

ab
ν + ω ac

μ ω b
νc (32)

R a
μν = ∂μL

a
ν + ω ab

μ Lνb − i

2
ψ̄μ τ

aψν (33)

ρ̄(α)
μν = ∂μψ

(α)
ν − 1

2
(ψ̄μτab)

(α)ω ab
ν (34)

It is important to note that we use Greek indices μ, ν, ... = 0, 1, 2 for space
time tensors (world indices) and Latin indices i, j, ... = 1, 2 to label only spatial
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components. We also consider the 3-dimensional metric tensor (3)gμν split ac-
cording to [22]; where Ni andN⊥ are the shift and lapse functions, respectively.
The dreibein components split according to:

3La0 = naN
⊥ +N iLai

3Lai = 2Lai = Lai

3Li
a = 2Li

a +

(
N i

N⊥

)
na LaiL

i
b = ηab + nanb (35)

na = −N⊥ 3L0
a

So, the resulting Lagrangian density is:

L = (∂μLνa ωρbc + ω d
μa ωνdb Lρc) ε

μνρεabc

+(∂μωνab ω
ab

ρ − 2

3
ω ab

μ ω c
νb ωρca) ε

μνρ

+i ψ̄μ ∂νψρ ε
μνρ + i ψ̄μ ωνab τc ψρ ε

abcεμνρ

+iDμψ̄ν τ
aτ b Dτψσ LγaLρb ε

γτσεμνρ (36)

5 Second-order Hamiltonian formalism

Now, starting from the Lagrangian density (36) we are able to construct the
second-order formalism, which is obtained by considering the following equa-
tion of motion (strongly equal to zero constraint on curvature)

Ra
μν = 0 (37)

From the equation (33) for this curvature, it can be obtained:

ωμab(L, ψ) =
1

2
Lν

a (∂μLνb − ∂νLμb) − 1

2
Lν

b (∂μLνa − ∂νLμa)

−1

2
Lρ

aL
σ
b (∂ρLσc − ∂σLρc)L

c
μ

+
1

4

(
ψ̄μτaψb − ψ̄μτbψa + ψ̄aτμψb

)
(38)

Therefore, the Lagrangian density only depends on the graviton field 3Laμ

and the gravitino field ψ̄μ, once the equation (38) is used to eliminate ωμab(L, ψ)
as independent dynamical variable.

The Lagrangian density (36) contains second times derivatives on the dreibein
components and because of the form of the term of the Lorentz-Chern-Simons
expression it is not possible to eliminate it by partial integration. Conse-
quently, we are in the presence of a constrained Hamiltonian system with
a singular higher-order Lagrangian, in the framework of the Dirac formalism.
Therefore, we consider the Ostrogradski transformation to introduce canonical
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momenta in this higher derivative theory [18, 19]. In these papers, the canoni-
cal formalism for a constrained Hamiltonian system with singular higher-order
Lagrangian is developed. This is done via the study of the corresponding first
Noether theorem. Following the steps given in those papers, we are going to
apply the same ideas to construct the canonical formalism in our case. More-
over, we will work as close as possible to the Dirac conjectures [23]. As in
the usual constrained Hamiltonian systems, the steps to follow are mentioned
below.
(i) From the Lagrangian formalism the primary constraints are computed and
hence the total Hamiltonian can be written.
(ii) Next, we must look for the secondary constraints by imposing consistency
on the primary ones.
(iii) Analyzing the complete set of constraints, the first-class ones which cor-
respond to gauge invariance of the system must be determined. Finally, the
Dirac brackets are defined from the Poisson brackets, and the second-class
constraints are eliminated by taking them strongly equal to zero.
In this paper we will give only the constructive method. We will not explicitly
write all the results because the computations, even proved straightforwardly,
involve tedious algebraic manipulations.

We start by defining the following independent dynamical field variables:
3Laμ, Baμ = ∂0

3Laμ and ψ̄μ.

The Ostrogradski transformation respectively introduces the following canon-
ical momenta:

(1)

Πμ
c =

∂L
∂

·
L

c

μ

− ∂ν
∂L

∂( ∂ν

·
L

c

μ )
(39)

(2)

Πμ
c =

∂L
∂(∂0

·
L

c

μ)
(40)

Πμ(ψ) =
∂L
∂ ˙̄ψμ

, (41)

The Poisson brackets for canonical conjugate variables are given by:

[ 3La
μ(x),

(1)

Π ν
c (y) ] = −[

(1)

Πν
c (y),3La

μ(x) ] = δ a
c δ

ν
μ δ(x− y) (42)

[ Ba
μ(x),

(2)

Π ν
c (y) ] = −[

(2)

Πν
c (y), Ba

μ(x) ] = δ a
c δ

ν
μ δ(x− y) (43)

[ ψ̄(α)
μ (x),Πν

(β)(y) ] = [ Πν
(β)(y), ψ̄

(α)
μ (x) ] = δ

(α)
(β) δ(x− y) (44)
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Using these definitions one can go from the Lagrangian to the Hamiltonian
description of this higher-derivative constrained system. By computation the
canonical conjugate momenta (39)-(41) can be found:

(1)

Π0
c = −

(
∂iL

0a − ∂0La
i

)
ωjac ε

0ij + ∂i

(2)

Πi
c (45)

(1)

Πi
c = ω ab

j εabc ε
0ij − B0aωjac ε

0ij +
(
∂jL

ia − ∂iLa
j

)
ωkca ε

0jk

−1

2
L ε

a L
σ

b (∂εL
c
σ − ∂σL

c
ε)ω

ab
j ε0ij

+∂jLνa
∂ωρbe

∂Bc
i

εjνρεabe + 2
∂ω d

μa

∂Bc
i

ωνdbLρeε
μνρεabe

−2
∂ω ab

μ

∂Bc
i

ω e
νb ωρea ε

μνρ + iψ̄μ
∂ωνab

∂Bc
i

τeψρε
μνρεabe

+i
∂

∂Bc
i

(
Dμψ̄ν τ

aτ b Dτψσ

)
LγaLρb ε

γτσεμνρ

+∂jL
iaωkac ε

0jk − ∂j

(
L 0

a L
i

b L0c

)
ω ab

k ε0jk

−∂kL
0aω0ac ε

0ik − ∂k

(
L 0

a L
i

b Ljc

)
ω ab

0 ε0jk

−∂0

(2)

Πi
c (46)

(2)

Π0
c = 0 (47)

(2)

Πi
c =

(
ω k0

j ε0ij + ω i0
j ε0kj

)
Lkc (48)

Π0(ψ) =
1

2
(τkψi + τiψk)ω

0k
j ε0ij (49)

Πi(ψ) =
1

2

(
τaψb ω

ab
j ε0ij + τaψj ω

ia
k ε0jk + τkψa ω

ia
j ε0jk

)
+i ψj ε

0ij + iDkψσ τγτj ε
γkσε0ij (50)

In the computation, the expression (38) of the spin connection ωab
μ as func-

tional of the dreibein and the gravitino was used. The remaining momentum

which depends on the velocities is
(1)

Πi
c.
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The relationship between field and momentum independent of the velocities
gives rise to the following primary constraints:

(1)

Φ0
c =

(1)

Π0
c +

(
∂iL

0a − ∂0La
i

)
ωjac ε

0ij − ∂i

(2)

Πi
c ≈ 0 (51)

(2)

Φ0
c =

(2)

Π0
c ≈ 0 (52)

(2)

Φi
c =

(2)

Πi
c −

(
ω k0

j ε0ij + ω i0
j ε0kj

)
Lkc ≈ 0 (53)

Φ0(ψ) = Π0(ψ) − 1

2
(τkψi + τiψk)ω

0k
j ε0ij ≈ 0 (54)

Φi(ψ) = Πi(ψ) − 1

2
τaψb ω

ab
j ε0ij +

1

2
(τaψk + τkψa)ω

ia
j ε0jk

−i ψj ε
0ij − iDkψσ τγτj ε

γkσε0ij ≈ 0 (55)

where the symbol ≈ implies weakly zero (see Ref.[24]) By means of these
momenta, the canonical Hamiltonian remains defined by:

Hcan = Bc
μ

(1)

Πμ
c +

·
Bc

μ

(2)

Πμ
c −

·
ψ̄μ Πμ(ψ) −L (56)

where 3L̇a
μ by Ba

μ was replaced. We note that the canonical Hamiltonian is

formed by eliminating only the velocity Ḃa
μ. The field Ba

μ cannot be eliminated
from the formalism when we treat with higher derivative Lagrangians [19].

Once the Lagrangian (36) is used and the velocities Ḃa
μ and ˙̄ψμ are eliminated,

the final expression for Hcan is:

Hcan = 2B0bB a
i ωjab ε

0ij +B b
i ∂j

(
Liaωkab

)
ε0jk

−B c
i ∂j

(
L0a Lib L0c ωkab

)
ε0jk

−B c
i ∂0

(
L0a Lib Ljc ε

0jk
)
ωkab + 2LibB c

i ∂jL
a

k εabc ε
0jk

+L c
j ω

bd
k

(
B d

i Lia −B a
i Li

d −B e
i L0a Li

d L0e

)
εabc ε

0jk

−
(
ω ab

i ∂jω0ab + ω ab
0 ∂iωjab − 2ω ab

0 ω c
ib ωjca

)
ε0ij

−4LiaB b
i ω

c
jb ωkca ε

0jk + ωidb

(
ω d

ja L0c − 2ω d
0a Ljc

)
εabcε0ij

+ (∂iL0a ωjbc − ∂iLja ω0bc) ε
abc ε0ij

+Lkb (∂iB
a

k − ∂kB
a

i )ωjab ε
0ij

−1

2
Lkb Lla (∂kB

c
l − ∂lB

c
k ) Lic ωjab ε

0ij
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−i ∂iψ̄ρ ψμ ε
μiρ − 2i ψ̄0 τc ψj ωiab ε

abcε0ij

−i ψ̄j τc ψi ω0ab ε
abcε0ij − 2i ψ̄j τ

c ψkL
iaB b

i εabc ε
0jk

−iB g
i ω0cd ψ̄j τeτγτk(τ

sε0gs ε
γiσ + τs Llg ε

0isεγlσ)ψσ ε
cdeε0jk

−i ω0cd ψ̄i τeτγτj Dkψσ ε
γkσεcdeε0ij + iDjψ̄μ τγτν Dkψσ ε

γσkεμνj

−iBig ψ̄j τeτμτk Dlψν(L
g

0 ε
0ie − εige)εμlνε0jk (57)

Finally, we can write the extended Hamiltonian (first class dynamical quan-
tity):

HT =
∫
d2xHT (58)

which is the generator of time evolutions of generic functionals. The Hamilto-
nian density HT remains defined by:

HT = Hcan+
(1)

λc
0

(1)

Φ0
c +

(2)

λc
μ

(2)

Φμ
c +δ̄μ Φμ(ψ) (59)

where
(1)

λc
0 and

(2)

λc
μ are arbitrary bosonic Lagrange multipliers, and δ̄μ are arbi-

trary fermionic Lagrange multipliers.
Now, we must go on with the Dirac’ s algorithm and impose the consistency

conditions on the constraints according to:

Ω(k) = Ω̇(k−1) =
[
Ω(k−1), HT

]
≈ 0 (60)

Hence, for the bosonic constraint
(2)

Φ0
c we find the following secondary con-

straint:

Ω(1) =
˙(2)

Φ0
c =

⎡⎣ (2)

Φ0
c , HT

⎤⎦
PB

= −
(1)

Π0
c +∂i

(2)

Πi
c≈ 0 (61)

From now on, following the Dirac’s prescriptions, the procedure can be
continued for each one of the constraints. The consistency conditions for the
others constraints determine the remainings Lagrange multipliers (four consis-

tency equations with the following four Lagrange multipliers:
(1)

λc
0,

(2)

λc
i , δ̄0 and

δ̄i). The Poisson brackets different from zero which must be evaluated are

essentially: [
(2)

Πi
c (x), ωab

μ (y)]PB, [
(1)

Πν
c (x), ωab

μ (y)]PB and [Πν(ψ)(x), ωab
μ (y)]PB.

Moreover, by direct computation of the Poisson brackets between constraints,
it is possible to see that none of the secondary constraints is first class.

At this point, we can obtain some conclusions. Looking at the primary con-
straints (51)-(55) and taking into account the set of secondary constraints ob-
tained by applying the algorithm (60), we see that only the primary constraint
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(2)

Φ0
c has vanishing Poisson brackets with all the other constraints. Therefore,

the primary constraint
(2)

Φ0
c is first class and it corresponds to a gauge invariance

of the theory under a local gauge transformation. As usual, the other possible
first class constraints are constructed by taking suitable linear combination of
constraints.

Thus, we are in the presence of a theory which has primary and secondary
constraints, in the second-order formalism. This set contains constraints of two
classes, first and second-class ones. The presence of second-class constraints
make it necessary to follow the Dirac formalism. In this sense, the treatment
of constrained Hamiltonian systems containing higher derivative terms in the
Lagrangian is analogous to the usual one. According to the Dirac prescriptions,
the Dirac brackets must be first defined from the Poisson brackets and later on
the second-class constraints must be eliminated from the formalism by taking
them strongly equal to zero.

6 Conclusions

The second order canonical formalism for the supersymmetric extension of the
topologically massive gravity in 2+1 dimensions was constructed. The second
order formalism is obtained, starting from the higher-derivative Lagrangian
density (36), by considering strongly equal to zero constraint on curvature and
by eliminating the spin connection ωab

μ as independent dynamical variable.
In order to analyze this singular higher-derivative system the Ostrogradsky
transformation is considered. As it was shown, the treatment of constraints
involves some subtleties which are present only in this kind of higher derivative
Lagrangian theory. The formalism thus obtained corresponds to a constrained
Hamiltonian system containing primary and secondary constraints and they
are of first and second class. To analyze this singular higher-derivative system,
we have worked as closed as possible to the Dirac prescriptions [24].
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