hep-th/9911046 6 Nov 1999

Symmetries of Quantum Nonsymmetric Gravity^�.

N.Mebarki, A.Maireche^y Département de Physique Théorique .

Constantine University,Constantine,Algeria. and Lyman Laboratary of physics, Harvard University,Cambridge,Massachasett 02138,USA. and A.Boudine, A.Benslama.

Département de Physique Théorique . Constantine University,Constantine,Algeria.

November 6, 1999

Abstract

Symmetries of Quantum Nonsymmetric gravity are studied and the corresponding generators are constructed . The related equal time canonical (and non canonical) (anti) commutation relations are establised.

�This wark was supported by the Algerian Ministry of education and research under

contrat N0:D25001/01/23/97.

yOn leave from Département de physique Centre Universitaire M.Boudiaf

M’sila,Algeria.

1 Introduction:

Gravity is the most time honored force. It is an extremely beautiful and successful theory. On the other hand,particle physics is basis the for all natural phenomena other than the gravitational ones and it is well established that it is described by quantum field theory. We thus have two fundamental theories,quantum field theory and general relativity. Unfortunately,however,these two theories have quite different structure. The former is a quantum theory,while the latter is a classical one,the former is based on the fixed Minkowski space-time,while in the tatter the metric g_{μν} is a dynamical and space time dependent quantity.

It is evidently quite inadequate to regard gravity as an orphan in nature and particle physics must be enlarged to include gravity. Unfortunately any try to quantize the gravitation theory of Einstein were unsuccessful. The reason is that the divergences encountered are totally out of control in perturbation theory and are non-removable. In other words gravitational anomalies associated with the breakdown of classical symmetries (general coordinate invariance) arise in the process of quantization. Conceptually. The appearance of such anomalies is quite drastic since it signals the incompatibility of general relativity with the quantization procedure.

One way,to try to solve this problem is to enlarge the symmetry group of this theory (at the classical level) in order to absorb the variance encountered anomalies and probably get a consistent quantum theory of gravitation.

Recently,a generalized version of general relativity baptized NGT (Nonsymmetric gravity theory) was proposed[1]-[7]. Regarding the NGT classical tests,they are successful and consistent with all the solar system tests of general relativity (GR) [1]-[3].

To have a better understanding of this new theory and probably find a solution to the divergence problem and the unification program with the other interactions,the quantum version in the framework of the canonical operator formalism[8]-[13].

It turns and that the theory contains a larger symmetry manifested by the algebraic structure of conserved quantities such as Fadeev Popov ghosts and BRST charges etc. . .

It is the purpose of this paper to study and to construct such symmetry generators. In section 2,we introduce quantum NGT. In section 3,we construct various the BRST and Fadeev-Popov charges etc. . . related to the corresponding symmetries and establish various equal time canonical(and non canonical)(anti) commutation relations. Finally in section 4,we draw our conclusions.

2 Quantum Nonsymmetric gravity (QNGT):

It was shown in our ref[8]. that the pure total QNGT Lagrangian density can be expressed as: $tot = $g + $GF + $F P + $LGF + $LF P + $AGF (2.1) where

$g =^√−g^[g^{μν} Rμν (W ) − 2^~Λ −^1_4 μ^2g^{[μν]}g[μν] +^1_2 σg^{μν} WμWν^] $F P =^√−g^[(g^{νρ}∂ρΩ^μ + g^{μρ}∂ρΩ^ν ) + g^{(μν) (}∂μΩ^α∂αΩν + ∂ν Ω^α∂αΩμ^{)]} $GF = ^g^{(μν)} (∂μBν + ∂ν Bμ) $LGF = ^g^{μν [}(ωμ)^a b∂ν S^ba − (ωμ)_a^b∂ν Sb^{a]} $LF P = −^g^{μν [}∂μθ^{ab} + (ωμ)^a cθ^{cd} − (ωμ)^b dθ^{ab]} ∂ν θ^a_b + h.c.c. $AGF = α (∂^μWμ)^2_{(2.2)}

with

g = det (g_{μν} )

~Λis the cosmological costant and μ^2 and σ are additional cosmological constants associated with g_{[μν]} and W_μ respectively and R_{μν} (W ) is the curvature tensor given by:

R_{μν} (W ) = W^β_{μν,β} −^1_2 (W^β_{μβ,ν} − W^β_{βν,μ}) − W^β_{αν} W^α_{μβ} + W^β_{αβ}W^α_{μν} (2.3)

With

W^β_{μν,β} = ∂_βW^β_{μν} (2.4)

It is worth to mention that W^λ_{μν} is related to the affine connection Γ^λ_{μν} through the prejection relation [1]-[7]:

W^λ_{μν} = Γ^λ_{μν} −^2_3 δ^λ_μW_ν (2.5) where

W_ν = W^α_{[να]} =^1_2 (W^α_{να} − W^α_{αν} ) (2.6)

and Ω^α (resp. θ_{ab}) and B^α (rep. S_{ab}) represent the ghost and auxiliary fields with respect to the BRST transformations δ^G_{BRST} (resp. δ^L_{BRST} ) related to the general coordinates (resp. local) invariance.

It is be noted that the Lagrangian density (2. 1) is invariant under the following BRST transformations related to the:

1) General coordinate transformations:

δ^G_{BRST} Ω^α = 0 δ_{BRST} Ω^α = λB^α δ^G_{BRST} B^α = 0 δ^G_{BRST} g_{μν} = −λ [g_{μα}∂_ν Ω^α + g_{αν} ∂_μΩ^α] δ^G_{BRST} W_{μν}^α = λ [−W_{μτ}^α∂_μΩ^τ − W_{σν}^α∂_μΩ^σ + W_{μν}^ρ∂_ρΩ^α − ∂_μ∂_ν Ω^α] δ^G_{BRST} √ −g = −λ √ −g∂_μΩ^μ (2.7)

and 2)Local GL (4, R) transformations δ^L_{BRST} e^a_μ = βθ^a_b e^b_μ δ^L_{BRST} ~e^a_μ = −βθ^a_b ~e^b_μ δ^L_{BRST} θ^a_b = βθ^a_cθ^c_b δ^L_{BRST} θ_{ab} = βS_{ab} δ^L_{BRST} S_{ab} = 0 (2.8)

where λ and β are anticommuting number,and the symbol ”~” means hyperbolic complex conjugate.

3 Symmetries of QNGT:

Regarding the BRST transformations δ^G_{BRST} the conserved Noether current J^μ can be easily constructed and the corresponding time independent BRST charge Q derived such that Q = ∫ d^3−→x J^0 (x) (3.1)

Here,we have assumed that J^μ vanishes at spatial infinity and that the integral (3. 1) convergent. If eq. (3. 1) is not convergent Q is a defined as charge operator,that is,we can not consider eigenstates of Q (no expectation values). But we can still meaningfully consider

[Q, F (y)]_± = ∫ d^3−→x [ J^0 (x) , F (y) ] ± (3.2)

for any local quantity F (y),because [J^0 (x) , F (y)]_± vanishes identically if | −→x | is sufficiently large.

Straightforward calculations lead to: Q = ∫ d^3−→x 6∑ i=1 Λ_i (3.3)

Where:

Λ_1 = − (^g^{0α}∂^ν Ω_α + ^g^{αν} ∂^0Ω_α + ^g^{0ν} ∂_αΩ^α) B_ν Λ_2 = −^g^{μν} (W_{μα}^0∂_ν Ω^α − W_{αν}^0∂_μΩ^α + W_{μν}^α∂_αΩ^0 − ∂_μ∂_ν Ω^0) Λ_3 = (_α 2 ^g^{μ0} + ^g^{[μ0]} ) (W_{μα}^ν ∂_ν Ω^α − W_{αν}^ν ∂_μΩ^α + W_{μν}^α∂_αΩ^0 − ∂_μ∂_ν Ω^ν ) Λ_4 =^α_2 ^g^{ν0} (−W_{μα}^μ∂_ν Ω^α − W_{αν}^μ∂_μΩ^α + W_{μν}^α∂_αΩ^μ − ∂_μ∂_ν Ω^μ) Λ_5 = [g_{σν} (^g^{νρ}∂_ρΩ^0 + ^g^{0ρ}∂_ρΩ^ν ) + g_{σμ} (^g^{0ρ}∂_ρΩ^μ + ^g^{μρ}∂_ρΩ^0)] B^σ Λ_6 = ^g^{(μν)} [(∂_μΩ^0) B_ν + (∂_ν Ω^0) Bμ] (3.4) Regarding the F. P ghost charge and unlike the usual case of fermion number conservation,the conservation of the F. P ghost number is not due to the invariance under a phase transformation:

Ω^ρ −→ e^{ϵθ} Ω^ρ Ω^ρ −→ e^{ϵθ} Ω^ρ

(3.5)

with ϵ^2 = 1 (ϵ is a hyperbolic complex number).

In fact,such a phase transformations is incompatible with our fundamental, hermiticity assignement(in the sense of hyperbolic complex) ~Ω^ρ = Ω^ρ, ~Ω = Ω^ρ. Instead,an invariance exists under the scalar transformation

Ω^ρ −→ e^θΩ^ρ Ω^ρ −→ e^θΩ^ρ

(3.6)

with a real parameter θ which is fully consistent with the hermiticity of Ω^ρ and Ω^ρ. Now,we can construct the corresponding current J^μ_Ω and charge

Q_Ω called the F. P ghost current and charge respectively. Indeed,the latter generates the above transformations on the F. P ghost fields and leaves all other fields invariant. The F. P ghost number N_{F P} is then identified with the eigenvalue of the operator Q_Ωmultiplied by ϵ. Although it may ssound strange that the hermitian operator has pure imaginary eigenvalues,this is fully consistent in the presence of indefinite metric:whenever pure imaginary eigenvalues −ϵN_{F P} appear,they are in complex hyperbolic conjugate pairs with +ϵN_{F P} . This fact is very important not only for guaranteeing the hermiticity of Q_Ω,but also for materializing the norm-cancellation mechanism to ”confirm” unphysical ghosts with negative morms which is necessary to ensure the S matrix unitarity.

Now,after direct simplifications we obtain

Q_Ω = ∫ d^3−→x {−Ω^σ [(^g^{νρ}∂_ρΩ^μ + ^g^{μρ}∂_ρΩ^ν ) ( g_{σν} δ^0_μ + g_{σμ}δ^0_ν ) + +^g^{(μν)} (∂_μΩ^0δ_{σν} + ∂_μΩ^0δ_{σν} ) + ^g^{(μν)} ( δ^0_μ∂_σΩ_ν + δ^0_ν ∂_σΩ_μ ) +Ω^σ (^g^{ν0}δ^μ_σ + ^g^{μ0}δ^ν_σ) ( ∂_μΩ_ν + ∂_ν Ω_μ ) ]} (3.7)

Since the time coordinates plays a special role in the canonical quantization (as it will be clear after,one may feel uneasy about the manifest covariance of the theory. Thanks to the invariance,this covariance is manifestly guaranteed in the canonical formalism. For translations and GL (4, R) transformation,the Noether theorem implies that the canonical energy momentum T^μ_ν and angular momentum M^{λμ}_ν are given respectively by:

T^μ_ν = 5∑ i=1 Φ^μ_{iν} (3.8) and M^{λμ}_ν = x^μT^λ_ν + S^{λμ}_ν (3.9)

Φ^μ_{1ν} = − √ −g (∂_ν g^{ρα}) [ δ^μ_ρB_α + δ^μ_αB_ρ + g^{(μβ)}g_{ρα}B_β ] Φ^μ_{2ν} = ∂_ν W_{αβ}^ρ [ (^g^{αβ} δ^μ_ρ − ^g^{[αμ]}δ^β_ρ) +^α_2 ( ^g^{αμ}δ^β_ρ − ^g^{βμ}δ^α_ρ )] Φ^μ_{3ν} = ∂_ν Ω^λ [( ^g^{αρ}∂_ρΩ^β + ^g^{βρ}∂_ρΩ^α ) (g_{λα}δ^μ_β + g_{λβ} δ^μ_α) + ^g^{αβ} (∂_αΩ^μδ_{βλ} + ∂_βΩ^μδ_{αλ}) ] Φ^μ_{4ν} = ∂_ν Ω^λ [( ^g^{αμ}δ^β_λ + ^g^{βμ}δ^α_λ ) ( ∂_β Ω_α + ∂_αΩ_β ) + ^g^{αβ} ( δ^μ_α∂_λΩ_β + δ^μ_β∂_λΩ_α )] Φ^μ_{5ν} = −δ^μ_ν [$_g + $_{GF} + $_{F P} + $_{AGF} ] (3.10) and the GL (4, R) intrinsic spin tensor density S^{λμ}_ν has as expression:

S^{λμ}ν −δ^μ_σ [( ^g^{ασ}δ^β_ν + ^g^{σβ} δ^α_ν ) ( δ^λ_αB_β + δ^λ_β B_α + g^{(λγ)}g_{αβ} B_γ )] + [(^g^{αβ}δ^λ_ρ− −^g^{[αλ]}δ^β_ρ) +^α_2 ( ^g^{αλ}δ^β_ρ − ^g^{βλ}δ^α_ρ ) ][δ^μ_βW_{αν}^ρ + δ^μ_αW_{νβ}^ρ − δ^ρ_ν W_{αβ}^μ] (3.11) Consequently,the translation and GL (4, R) generators are given respectively by: P_ν ≡ ∫ d^3−→x T^0_ν (3.12) and M^μ_ν ≡ ∫ d^3−→x M^{0μ}_ν (3.13)

Now,after setting up the various generators and in order to determine their algebra as well as their actions on the dynamical fields,one has to calculate first the canonical equal time (anti) commutation relations between the primary fields. it is quite remarkable,as it will be clear later that all the equal time commutators can be obtained in closed form.

The primary fields are g_{μν} , Ω_σ, Ω_σ , W^ρ_{μν} , B_ρ. According to the Dirac method of quantization,the canonical quantization comied ont by taking g_{μν} , W^ρ_{μν} , Ω_σ and Ω_σ as canonical variables but not B_ρ. The canonical conjugates of g_{μν} , , W_{μν}^λ,Ω_σ and Ω_σ are respectively as follows:

Π_{ρλ} (g) = − √ −g [ δ^0_ρB_λ + g^{(0ν)}g_{ρλ}B_ν + δ^0_λB_ρ ] Π^{μν}_ρ (W ) = [ ^g^{μν} δ^0_ρ − ^g^{[μν]}δ^ν_ρ ] +^α_2 (^g^{μ0}δ^ν_ρ − ^g^{ν0}δ^μ_ρ) Π_α (Ω) = (^g^{ν0}δ^μ_α + ^g^{μ0}δ^ν_α) ( ∂_μΩ_ν + ∂_ν Ω_μ ) + ^g^{(μν)} ( δ^0_μ∂_μΩ_ν + δ^0_ν ∂_αΩ_μ ) Π_α ( Ω ) = (^g^{νρ}∂_ρΩ^μ + ^g^{μρ}∂_ρΩ^ν ) ( g_{αν} δ^0_μ − g_{αμ}δ^0_ν ) + ^g^{(μν)} (∂_μΩ^0δ_{να} + ∂_ν Ω^0δ_{μα}) (3.14) Thus,the non vanishing canonical (anti) commutation relations are:

[Π_{ρα} (g) (x) , ^g^{μν} (x^′)] = −iδ_α^μδ_ρ^ν δ^3 ( −→x − −→x′ )

[Π^{μν}_ρ (W ) (x) , W_{αβ}^σ (x^′)] = −iδ^μ_αδ^ν_β δ_ρ^σ δ^3 ( −→x − −→x′ ) {Π_α (Ω) (x) , Ω_σ (x^′)} = −iδ_{σα}δ^3 ( −→x − −→x′ ) { Π_α (Ω) (x) , Ω_σ (x^′) } = −iδ_{σα}δ^3 ( −→x − −→x′ ) (3.15)

Now,by using the relation (3. 9) and (3. 12),it is straightforward to confirm that P_ν and M^μ_ν are indeed the translation and GL (4, R) generators respectively: [P_ν , g_{ρα}] = ∂_ν g_{ρα} [P_ν , W_{αβ}^σ] = ∂_ν W_{αβ}^σ [P_ν , Ω_ρ] = ∂_ν Ω_ρ [ P_ν , Ω_ρ ] = ∂_ν Ω_ρ [P_ν , B_ρ] = ∂_ν B_ρ

(3.16)

and [M^μ_ν , g_{ρα}] = x^μ∂_ν g_{ρα} + (η^μ_ρg_{ρν} − η^μ_ρg_{να}) [M^μ_ν , W_{αβ}^σ] = x^μ∂_ν W^σ_{αβ} + ( W^σ_{αν} δ^μ_β − W^σ_{νβ}δ^μ_α − W^μ_{αβ}δ^σ_ν ) [M^μ_ν , Ω_ρ] = 0 [ M^μ_ν , Ω_ρ ] = 0 [M^μ_ν , B_ρ] = 0

(3.17)

Furthermore,we can explicitly show that they corectly form the affine algebra:

[P_ν , P_ν ] = 0 [M^μ_ν , P_ρ] = −δ^μ_ρP_ν [ M^μ_ν , M^λ_ρ ] = δ^λ_ν M^μ_ρ − δ^μ_ρM^λ_ν

(3.18)

Concerning the BRST and F. P charges and using the relation (3. 3) one can show the following simple algebraic structure: {Q, Q} = 0 [ϵQ_Ω, Q] = Q [Q_Ω, Q_{F P} ] = 0

(3.19) note that,although the above algebraic structure lokes very simple,it plays a vitally important role in combination with the characteristic feature of Q_Ω in insuring the physical S matrix unitarity through the”confinement” of unphysical particles with negative norms. Moreover a simple calculation shows that the action of Q and on various Q_Ω on various fields can be seen from the following (anti) commutation relations:

[Q, g_{μν} ] = −ig_{μα}∂_ν Ω^α + g_{αν} ∂_μΩ^α {Q, Ω^α} = 0 { Q, Ω^α } = B^α [ Q, W_{μν}^λ ] = −W_{μτ}^λ∂_ν Ω^τ − W_{σν}^λ∂_μΩ^σ + W_{μν}^ρ∂_ρΩ^λ − ∂_μ∂_ν Ω^λ [Q, B^ρ] = 0 [Q_Ω, Ω] = Ω [Q_Ω, g_{μν} ] = [ Q_Ω, W^λ_{μν} ] = 0 [ Q_Ω, Ω ] = −Ω

(3.20)

Regarding the BRST transformation δ^L_{BRST} related to the local GL (4, R) transformations,one can show easily that the corresponding charge Q_L has as expression:

Q_L = ∫ d^3−→x 5∑ i=1 L_i (3.21)

Where

L_1 = −θ^j_le^l_δ{ [ (ω_μ)^a_bS^b_a + (ω_μ)_b^aS_a^b

] [_1 2 ^g^{μ0}e^δ_j − ^g^{δ0}e^μ_j ] + +^1_4 σ^g^{(μν)} [( e^0_j δ^δ_μ − e^δ_j δ^0_μ ) W_ν + (( e^0_j δ^δ_ν − e^δ_j δ^0_ν ) W_μ )] } L_2 = θ^j_l ~e^l_δ{ [ (ω_μ)^a_bS^b_a + (ω_μ)_b^aS_a^b

] [_1 2 ^g^{αμ} ~e^δ_j − ^g^{0δ} ~e^μ_j ] − −^1_4 σ^g^{(μν)} [( ~e^0_j δ^δ_μ − ~e^δ_j δ^0_μ ) W_ν + (( ~e^0_j δ^δ_ν − ~e^δ_j δ^0_ν ) W_μ )] } L_3 = √ −g [ ∂_δθ^f_d + (ω_δ)^f_lθ^l_{d−} (ω_δ)^l_dθ^f_l ] ( e^0_f ~e^{σd} − e^δ_f ~e^{0d} ) L_4 = S^f_j { [ ∂_μθ^j_f + (ωμ)^j_cθ^c_{f −} (ω_μ)^c_f θ^j_c ] ^g^{μ0}+ + [ ∂_μθ_f^j + (ωμ)_c^j θ_f^c + (ω_μ)_f^cθ_c^j ] ^g^{0μ}} L_5 = θ^f_lθ^l_j { ^g^{0ν} ∂_ν θ^j_f + ^g^{ν0}∂_ν θ_f^j } (3.22) Similarly for the local F. P charge Q_{LF P} we obtain:

Q_{LF P} = ∫ d^3−→x {θ^f_j [ ^g^{0ν} ∂_ν θ^j_f + ^g^{ν0}∂_ν θ_f^j ] − −θ^f_j [ ( ∂_μθ^j_f + (ωμ)^j_cθ^c_{f −} (ω_μ)^c_f θ^j_c ) ^g^{μ0}+ + ( ∂_μθ_f^j + (ωμ)_c^j θ_f^c + (ω_μ)_f^cθ_c^j ) ^g^{0μ}]} (3.23)

Now,under the local GL (4, R) transformations,one can show that the corresponding Noether current is: M^{μab}_L = 2∑ i=1 N_i (3.24)

with

N_1 = [ η^{aj} e_δ^b − η^{bj} e_δ^a ] { [ (ω_α)^l_mS^m_l + (ω_α)_l^mS_m^l

] [_1 2 ^g^{αμ}e^δ_j − ^g^{δμ}e^α_j ] + +^1_4 σ^g^{(αβ)}[ ( e^μ_j δ^δ_α − e^δ_j δ^μ_α ) W_β + ( e^μ_β δ^δ_α − e^δ_j δ^μ_β ) W_α} N_2 = [ η^{aj} e_δ^b − η^{bj} e_δ^a ] { [ (ω_α)^l_mS^m_l + (ω_α)_l^mS_m^l

] [_1 2 ^g^{μα} ~e^δ_j − ^g^{μδ} ~e^α_j ] + +^1_4 σ^g^{(αβ)}[ ( ~e^μ_β δ^δ_α − ~e^δ_j δ^μ_α ) W_β + ( ~e^μ_j δ^δ_α − ~e^δ_j δ^μ_β ) W_α} (3.25) Using the canonical equal time (anti) commutation relations between the primary fields e_μ^a, ~e_μ^a, (ω_α)^l_m, θ^a_{b,}θ^a_b and their canonical conjugates one can write: [ Π_j^δ (e) (x) , e^μ_a (x^′) ] = −δ_{ja}δ^{δμ}δ^3 ( −→x − −→x′ ) [ Π_j^δ (~e) (x) , ~e^μ_a (x^′) ] = −δ_{ja}δ^{δμ}δ^3 ( −→x − −→x′ ) [ Π_f^j ( θ ) (x) , θ^a_b (x^′) ] = δ^a_f δ^j_bδ^3 ( −→x − −→x′ )

[Π_f^j (θ) (x) , θ^a_b (x^′)] = δ^a_f δ^j_bδ^3 ( −→x − −→x′ ) [ Π_f^{δd} (ω) (x) , (ω_μ)^a_b (x^′) ] = δ^a_f δ^a_bδ^δ_μδ^3 ( −→x − −→x′ ) (3.26)

where

Π^δ_j (e) = − [ (ω_μ)^a_bS^b_a + (ω_μ)_b^aS_a^b

] [_1 2 ^g^{μ0} ~e^δ_j − ^g^{δ0} ~e^μ_j ] + +^1_4 σ^g^{(μν)} [( e^0_j δ^δ_μ − e^δ_j δ^0_μ ) W_ν + (( ~e^0_j δ^δ_ν − ~e^δ_j δ^0_ν ) W_μ )] Π^δ_j (e) = ~Π_j^δ (e) Π_f^j ( θ ) = [ ∂_μθ^j_f + (ω)^j_cθ^c_{f −} (ω_μ)^c_f θ^j_c ] ^g^{μ0} + [∂_μθ_f^j + (ω)_c^j θ_f^c + (ω_μ)_f^cθ_c^j ]^g^{0μ} Π_f^j (θ) = ^g^{0ν} ∂_ν θ^j_f + ^g^{ν0}∂_ν θ_f^j Π_f^{δd} (ω) = √ −g ( e_f^0 ~e^{δd} − e^δ_f ~e^{0d} ) (3.27) Based on the relation (3. 21) and (3. 23) straightforward calculation lead to: {Q_{L,}Q_L} = 0 [Q_{LF P} , Q_L] = Q_L [Q_{LF P} , Q_{LF P} ] = 0 [ Q_L, θ^b_c ] = θ^b_c [ Q_L, θ^b_c ] = −θ^b_c [Q_L, e_μ^a] = θ^a_ce^c_μ [Q_L, ~e_μ^a] = −θ^a_c ~e^c_μ [ Q_L, θ^b_c ] = θ^b_dθ^d_c [ Q_L, θ^b_c ] = S^b_c [Q_L, (ω_μ)^a_b] = ∂_μθ^a_b + (ωμ)^a_cθ^c_b − (ω_μ)_b^cθ_c^a ≡ D_μθ^a_b [ M^{μab}_L , e_μ^c ] = η^{ac}e_μ^b − η^{bc}e_μ^a [ M^{μab}_L , ~e_μ^c ] = η^{ac} ~e_μ^b − η^{bc} ~e_μ^a [ M^{μab}_L , (ω_μ)^c_d ] = −δ^{ca} (ω_μ)^b_d + δ^a_d (ω_μ)^{bc}

(3.28)

4 Conclusions:

We have studied in this paper the symmetries of QNGT and construct the corresponding generators as well as the various equal time (anti)commutation relations establish. Regarding the huge symmetry,one may anticipate that there is a hope to solve the problem of the renormalizabilility of the quantum gravity [9]-[14].

Acknowledgment:

We are very grateful to Prof. A. Vilenkin for fruitful private communications.

References

[1] J. W. Moffat,phys Rev. D19,3554 (1979) . [2] J. W. Moffat,J. Math. phys. 21,1798 (1980) . [3] J. W. Moffat,phys Rev. D35,3733 (1987) . [4] J. W. Moffat,J. Math. phys. 29,1685 (1988) . [5] R. B. Mann,J. Math. phys. A14,2367 (1981) .

[6] G. Kunstatter,J. W. Moffat,J. Malzan,J. Math. phys. 24,886 (1983) . [7] K. Ait Moussa,N. Mebarki,Acta phys. pol. B23,1195 (1992) . [8] N. Mebarki,A. Benslama,A. Boudine and A. Maireche. physica scripta 55,12 (1997) .

[9] N. Mebarki and A. Maireche in ”gauged BRST transformations in quntum Nonsymmetric gravity”Constantine University preprint UC PUB37,August 1997.

[10] N. Mebarki and A. Maireche in ”Quntum Nonsymmetric gravity and the superfiber bundle formalism” Constantine University preprint UC PUB38,August 1997.

[11] N. Mebarki and A. Maireche in ”Sixteen dimentional GL (4, R) like superalgebra” Constantine University preprint UC PUB39,August 1997.

[12] N. Mebarki and A. Maireche in ”N=1,D=4 Quantum Nonsymmetric supergravity” Constantine University preprint UC PUB36 August 1997.

[13] N. Mebarki and A. Maireche in ”Possibility of resolving the divergence problem in Quantum Nonsymmetric gravity” Constantine University preprint UC PUB 41,August 1997.

[14] N. Mebarki and A. Maireche in ”Geometric commutation relations in Quantum Nonsymmetric gravity”Constantine University preprint UC PUB 42,August 1997.