hep-th/9911045 6 Nov 1999

N = 1, D = 4 Quantum Nonsymmetric supergravity^�.

N.Mebarki^y, A.Maireche^zand S.Zaim Département de physique théorique Constantine University,Constantine,Algeria. and physics department,Jefferson Labo.364 Harvard University,Cambridge,MA02138,USA

November 6, 1999

Abstract

The quantization of N=1,D=4 Nonsymmetric supergravity is studied and the BRST transformations as well as the corresponding quantum Lagrangian are constructed.

∗This work was supported by the Algerian Ministry of education and research under contrat N0 :D2501/01/23/97.

†Permanent adress:Département de physique theorique,Constantine University. ‡On leave from Centre Universitaire M.Boudiaf,M’sila.Algeria.

1 Introduction:

Although classical general relativity (GR) is successful as a macroscopical theory,there are some experimental data of physical phenomena which remain unexplained. A good example is the eclipsing non degenerate binary stars.

As a matter of fact,a generalized theory of gravitation is needed. Based on Einstein’s idea Moffat built a new theory of gravity but with the antisymmetric part of the metric taken to be as a part of the gravitation itself. This theory was baptized Nonsymmetric gravitation theory (NGT ) [1]-[7] where its predictions are consistent with all of gravitation classical tests (solar system etc · ··).

Despite this fact,one needs to quantize the theory in order to here a consistent physical interpretation Al the level scale and the unification program with the other three fundamental interactions will be successfully described.

In fact,in our work of ref.[8],we have constructed an NGT quantum Lagrangian and discovered a huge symmetry [9]-[14] which let be us hope that this theory may be a good candidate for a renormalizeble gravitation theory. Moreover,and as in the case of ordinary supersymmetric gauge theories or supergravity cancellation the supersymmetric version of quantum Nonsymmetric gravitation theory is needed for the divergences of unwanted if there exist or a possibility to have a finite quantum theory describing gravity.

It is the purpose of this paper to construct an N = 1,d = 4 quantum Nonsymmetric supergravity and establish the corresponding BRST transformations related to the general coordinates,local and supersymmetric transformations. In section 2,we give a brief survey of our classical model of N = 1,d = 4 Nonsymmetric supergravity [13]. In section 3 we quantize our model à la BRST and construct the corresponding quantum Lagrangian. Finally in section 4,we draw our conclusions.

2 Classical Nonsymmetric supergravity:

As it is discussed in our ref.[15] and in order to get a realistic model an simplify matter in constructing a supersymmetric (SUSY) model of NGT

,the tangent space is taken to be the Lorentz group manifold. It is important to note that this choice does not contradict the well known general properties and features of NGT,namely the compatibility condition:

e^a_μ,_σ + (ω_σ)^a_ce^c_μ − W_{μσ}^ρe_ρ^a = 0 (2.1) with e^a_μ is the Vierbein fields and W^λ_{μν} is related to the affine connection Γ^λ_{μν} through the projection relation:

W^λ_{μν} = Γ^λ_{μν} −^2_3 δ_μ^λW_μ Where W_μ = W^α_{[να]} =^1_2 (W^α_{να} − W^α_{αν}) and reality (in the sence of hyperbolic complex numbers) of the Lagrangian:

£_g = −^1_2 (e~e)^{12} e^{μa} ~e^{νb} (R_{μν})_{ab} (ω) (2.2) Where e = det e^a_μ and (R_{μν} )_{ab} (ω) = (ω_ν )_{ab,μ} − (ω_μ)_{ab,ν} + [ω_μ, ω_ν]_{ab} (2.3) (the symbol ”~” means hyperbolic complex conjugate) an immediate consequence of this choice is the reality of the spin connection:

(ω_μ)^a_b = (~ω_μ)^a_b (2.4) It is worth to mention that the Lagrangian (2.2)describes spin 2 and spin 0 particles related to the symmetric and antisymmetric parts of the metric and called graviton and skewon respectively[1]-[6]. In the context of N = 1 supersymmetry,one has to associate to each bosonic particle a fermionic partner (and vice versa). This means that one has to have a SUSY doublet of a graviton ( respectively skewon) and a fermionic spin^3_2 ( respectively^1_2 ) fields.

However,since the Vierbein e^a_μ does not represent directly the graviton and skewon,the strategy followed in our ref.[15] consists of first constructing in the same manner as for the bosonic part of the Lagrangian,the fermionic part,then deriving various fields combinations representing the real particles in the model.

The fermionic part of the Lagrangian is given by [15]:

£_Ψ = £^{(1 )}_Ψ + ~£^{(1 )}_Ψ (2.5) Where

£^{(1 )}_Ψ = −^i_2 Ω^{μνα}~^ρΨ_ν γ^5 Ψ_μD_αΨ_ρ (2.6) and the massless fermionic field Ψ_ρ is hyperbolic complex and Majorana spinor. Moreover the generalized Levi-Civita tensor Ω^{μνα}~^ρ in the nonsymmetric curved space-time has as expression:

Ω^{μνα}~^ρ = (e~e)^{12} η^{icjk}e_i^μe_c^νe_j^α~e^ρ_k (2.7) ( η^{icjk} is the usual totally antisymmetric tensor ) . It is worth to mention that the covariant derivative D_α in (2.6) is defined as:

D_αΨ_ρ = ∂_αΨ_ρ +^1_2 ω_α^{ab}σ_{ab}Ψ_ρ (2.8) With the Lorentz group SO (3, 1) generators σ_{ab} given by:

σ_{ab} =^1_4 [γ_a, γ_b] (2.9) (γ^′s are the Dirac matrices). Notice that,the Majorana condition as well as the hyperbolic complex structure allow the fermionic field Ψ_ρ to have just four degrees of freedom. Now,if one takes as a supersymmetric Lagrangian:

£ = £_g + £_Ψ (2.10) it turns out that in d = 4 dimensions the bosonic and fermionic degrees of freedom mismatch. In fact,we have three bosonic and four fermionic degrees of freedom,corresponding to the graviton,skewon and the hyperbolic complex Majorana fermionic field Ψ_μ.

To bypass this unwanted difficulty,one has to introduce a dynamical scalar field φ with one bosonic degree of freedom through the Lagrangian:

£_φ = (e~e)^{12} g_{(μν)}∂^μφ∂^νφ (2.11) where

g_{(μν)} =^1_2 (e_{μa}~e^a_ν + ~e_{μa}e^a_ν ) (2.12) It is now straightforward to show that the total action:

£ = £_g + £_Ψ + £_φ (2.13) is invariant under the following symmetries[15]:

1)General coordinate transformations with parameter ξ : δφ = −ξ^α, φ_α δe^{μa} = −ξ^αe^{μa}_{,α} + e^{αa}ξ^μ_{,α} δ~e^{νb} = −ξ^α~e^{νb}_{,α} + ~e^{αb}ξ^μ_{,α} δΨ_μ = −ξ^αΨ_{μ,α} − Ψ_αξ^α_{,μ} δ ~Ψ_μ = −ξ^α ~Ψ_{μ,α} − ~Ψ_αξ^α_{,μ} δω_μ^{ab} = −ξ^αω_μ^{ab}_{,α} − ω_α^{ab}ξ^α_{,ν} δ (R_{μν} )_{ab} = −ξ^α (R_{μν} )_{ab,α} − (R_{αν} )_{ab} ξ^α_{,μ} − (R_{μα})_{ab} ξ^α_{,ν}

(2.14)

2)Local SO (3, 1) Lorentz transformations with parameter α_{ab} = −α_{ba} δφ = 0 δe^{μa} = α^a_be^{μb} δ~e^{μa} = α^a_b ~e^{μb} δΨ_μ = α^{ab}σ_{ab}Ψ_μ δΨ_μ = α^{ab}σ_{ab}Ψ_μ δω_μ^{ab} = −∂_μα^{ab} +^1_2 f_{cdef}^{ab}α^{cd}ω_μ^{ef} (2.15)

where f_{abcd}^{ef} σ_{ef} = η_{bc}σ_{ad} + η_{ad}σ_{bc} − η_{bd}σ_{ac} − η_{ac}σ_{bd} (2.16) 3)Local SUSY transformations with parameter ϵ: δe^i_ρ = iϵγ^iΨ_ρ Ω^{μνα}~^ρδΨ_ν = [ Ω^{μρν}~^α − Ω^{μρα}~^ν ] D_ν ϵ + f^{μαρ}ϵ Ω^{μνα}~^ρδ (D_αΨ_ρ) = Ω^{μνα}~^ρ { [D_α, D_ρ] ϵ −^i_2 G^σ_{σαρ} + iG^σ_{ασρ} } + iΩ^{σνα}~^ρG^μ_{σαρ}+ +iΩ^{μσα}~^ρG^ν_{σαρ} + 2ifγ^5e^μ_je^{νj}ϵ (2.17)

Where

G^μ_{σαρ} = (ϵγ^μΨ_σ) (D_αΨ_ρ) δ~e^k_σ = Ψ_μZ^{μk}_σ ϵ δφ^ν = X_{βμαρ}Ψ_σY^{μβαρσ}γ^νϵ + Gφ^ν (2.18)

where

f =^i_8 (e~e)^{12} R f^{μαρ} = 2 { Ω^{σρ}[^ν~^α] (D_ν e^c_σ) e^μ_c + ∂_νΩ^{μρ}[^ν~^α] } Z^{μk}_σ = g_{(αρ)}φ^ργ^kγ^αδ^μ_σ X_{βμαρ} =^i_4 Ψ_βγ^5γ_μD_αΨ_ρ Y^{μβαρσ} = (e~e)^{− 12} ( Ω^{μβα}~^ρ ~γ^σ − 2Ω^{μβα}~^σ ~γ^ρ ) (2.19)

and

G = −^1_8 [ 2~e^ρ_i + γ^{(μρ)}e_{μi} ] g_{(αν)}φ^α ( Ψ_ργ^iγ^ν ϵ ) −^i_8 [ 2e^ρ_i + γ^{(μρ)} ~e_{μi} ] (ϵγ^iΨ_ρ) (2.20) γ^{(μρ)} is the inverse tensor of g_{(μρ)}. Direct calculations lead to the following SUSY transformations of the graviton G_{μν} ≡ g_{(μν)} and the skewon Φ ≡ ϵ^{μν}g_{[μν]} : δG_{μν} = Ψ_αV^α_{(μν)}ϵ (2.21) and δΦ = Ω^{μν} Ψ_αV^α_{μν} ϵ (2.22) Where the pure imaginary hyperbolic complex antisymmetric tensor Ω^{μν} is defined as:

Ω^{μν} = jϵ^{μν} (j^2 = 1) (2.23) With:

ϵ^{μν} = +1 if μ⟨ν −1 if μ⟩ν 0 if μ = ν

(2.24) and V^α_{μν} = e_{μa}Z^{αa}_ν − iδ^α_μ ~γ_ν (2.25) With:

~γ_ν = ~e_ν^aγ_a (2.26)

3 BRST transformations:

3.1 General coordinates transformations:

Under infinitesimal general coordinate transformations,any tensor field Φ^{α1···αr}_{β1···βs} transforms as: δΦ^{α1···αr} β_1···βs = ∂ν (δx μ) [ Φ^{α1···αr} β_1···βs ]ν μ (3.1.1) Where: [ Φ^{α1···αr} β_1···βs ]ν μ =^r ∑ P =1 δ^{αP}_μ Φ^{α1···αP} �^{1ναP +1···αr} β_1···βs + s∑ q=1 δ^ν_{βq} Φ^{α1······αr} β_1···μβ_{q+1}···βs (3.1.2) To get the corresponding BRST transformations,one has to replace the transformation parameter δx^α by λC^α,where λ is an anticommuting factor and:

C^α = ω^α + ω̃^α (3.1.3) with ω^α the ghost field and ω̃^α its hyperbolic complex conjugate. Thus,the metric tensor g_{μν} transforms as: δ^{BRST} G g_{μν} = −λ [g_{μα}∂_νC^α + g_{αν}∂_μC^α] (3.1.4) Regarding the commutation relation with the derivative operator,it is easy to show that for any tensor field Φ^{α1···αr}_{β1···βs} one has: [ δ^{BRST} G , ∂_σ ] Φ^{α1···αr} β_1···βs = −λ (∂σC α) ∂_αΦ^{α1···αr}_{β1···βs} (3.1.5)

This means (and as it is expected) that the δ^{BRST}_G does not commute with the derivative operator ∂_σ. To get the BRST transformation of the ghost field,one has to use the nilpotency property applied on the metric tensor g_{μν} . Thus,using eq.(3.1.4) we obtain: δ^{BRST} G ( ∂_νC^β ) = λ ( ∂_αC^β ) (∂_νC^α) (3.1.6) As in the case of gauge theories,one generally introduces an auxiliary real (in the sence of hyperbolic complex numbers) vector field B^ρ such that: δ^{BRST} G C̄ρ = λBρ (3.1.7) It is obvious from the definition (3.1.7) that the nilpotency property of the δ^{BRST} G implies: δ^{BRST} G B^ρ = 0 (3.1.8) Regarding the gravitino Ψ_μ,one can deduce from the transformation (2.14) that: δ^{BRST} G Ψ_μ = −λC^αΨ_{μ,α} − λΨ_αC^α_{,μ} δ^{BRST} G Ψ̃_μ = −λC^αΨ̃_{μ,α} − λΨ̃_αC^α_{,μ} (3.1.9) Just as in gauge theories,NSUGRA can not be quantified without gauge fixing ,and in order to maintain manifest covariance,we should introduce a gauge fixing term into the fundamental Lagrangian density. To be more explicit,let us take the compatibility condition [1]-[3]:

g^{μν}_{,σ} + g^{ρν}Γ^ν_{ρσ} + g^{μρ}Γ^ν_{σρ} = 0 (3.1.10) Now,using the harmonic gauge [7]:

g^{αν} Γ^μ_{αν} = 0 (3.1.11) one can easily show that the gauge condition (3.1.11) gives: ∂_νg^{(μν)} = g^{(αμ)}Γ^ν_{(αν)} (3.1.12) Moreover g_{μν} ∂_σg^{μν} = −2Γ^μ_{(σμ)} (3.1.13)

Now,if one uses the identity:

∂_σ [( √ −g)] = −^1_2 √ −gg_{μν} ∂_σg^{μν} (3.1.14)

Where g = det (g^{μν}) together with eq.(3.1.13),one ends up with:

∂_μ ^g^{(μν)} = 0 (3.1.15)

With: ^g^{(μν)} = √ −gg^{(μν)} (3.1.16)

Now,if one requires only Poincaré invariance,the choice of a gauge fixing term is quite arbitrary,because there exist two metrics g_{μν} and η_{μν} and also an invariant quantity g. From the spirit of NGT,it is quite unnatural to introduce η_{μν} into fundamental Lagrangian density. Indeed,there is no reason for assuming the priori existence of a particular Cartesian coordinate system. To forbid η_{μν},it is reasonable to require the GL (4, R) invariance,which is relevant already at the classical level[8].

It is very important to note that a gauge fixing term can be made a GL (4, R) invariant way if and only if one employs the B field formalism. If B_ρ (x) is the gravitational auxiliary field,which is a GL (4, R) covariant real vector field then the Lagrangian:

£_{GF} ≡ ^g^{(μν)} (∂_μB_ν + ∂_νB_μ) (3.1.17)

Can be taken as the gauge-fixing Lagrangian density which reproduces the gauge condition (3.1.15) . From the experience in gauge theories,it might be tempting to add a pure B-field term to eq.(3.1.17). But it can not be GL (4, R) invariant without using g_{μν} . Thus,under the GL (4, R),the choice (3.1.17) is quite distinguished.

The Fadeev-Popov ghost Lagrangian density £_{FP} is introduced in such a way that ∫ d^4x (£_{GF} + £_{FP} ) is BRST invariant. On basis of δ^{BRST}_G and since √ −gd^4x is an invariant volume then √ −g (£_{GF} + £_{FP} ) should be a BRST invariant too. Thus one can write:

£_{GF} + £_{FP} = √ −gδ^{BRST}_G F (3.1.18)

Where F is a function. Now,it is clear from eq.(3.1.7) and (3.1.17) that:

£_{GF} = √ −gg^{(μν)} [ δ^{BRST} G ( ∂_μC_ν + ∂_νC_μ ) + λ∂_μC^α∂_αC_ν + λ∂_ν C^α∂_αC_μ ] (3.1.19) which can be written as:

£_{GF} = √ −g[δ^{BRST}_G g^{(μν)} ( ∂_μC_ν + ∂_νC_μ ) + λg^{(μν)}∂_μC^α∂_αC_ν ] = √ −gδ^{BRST}_G [g^{(μν)} ( ∂_μC_ν + ∂_ν C_μ ) ] (3.1.20)

Comparing eqs (3.1.18) and (3.1.20) we obtain:

£_{FP} = √ −g[(g^{νρ}∂_ρC^μ + g^{μρ}∂_ρC^ν ) ( ∂_μC_ν + ∂_νC_μ ) + g^{(μν)} ( ∂_μC^α∂_αC_ν + ∂_νC^α∂_αC_μ ) ] (3.1.21)

3.2 Local SO (3, 1) transformations:

In the tangent space,the covariant derivative of the Vierbein e^a_μ is given by [7],[15]:

D_σe^a_μ = ∂_σe^a_μ + (ω_σ)^a_be^b_μ (3.2.1) Where the spin connection (ω_σ)_{ab} satisfy the property (2.4). Now,if we set:

De^a_μ = dx^σD_σe^a_μ = de^a_μ + δ_Le^a_μ (3.2.2) With

de^a_μ = dx^σ∂_σe^a_μ (3.2.3) one deduces that the local SO (3, 1) transformations of the Vierbein e^a_μ are:

δ_Le^a_μ = α^a_be^b_μ (3.2.4) Similarly,for the hyperbolic complex conjugate ẽ one can write:

δ_L~e^a_μ = −α^a_bẽ^b_μ (3.2.5) For the spinorial tensor Ψ_μ,it is easy to show that:

δ_LΨ_μ = α_{ab}σ^{ab}Ψ_μ (3.2.6) Where σ^{ab} are the generators of the Lorentz group.

Now,regarding the local BRST transformations and following the standard prescription [16],equations (3.2.4) , (3.2.5) became: δ^{BRST} L e^a_μ = βθ^a_be^b_μ δ^{BRST} L ~e^a_μ = −βθ^a_bẽ^b_μ (3.2.7) and δ^{BRST} L Ψ_μ = βθ_{ab}σ^{ab}Ψ_μ (3.2.8) where we have used the property:

~θ^a_b = θ^a_b (3.2.9) (here β is an anti-commuting number) .

The nilpency property of δ^{BRST}_L applied on the Vierbein e^a_μ gives: δ^{BRST} L θ^a_b = βθ^a_cθ^c_b (3.2.10) Regarding the local quantum Lagrangian,one has to notice that e^a_μ and g_{μν} have 32 and 16 independent components respectively. Then,it is necessary to introduce a gauge condition to eliminate 16 unphysical degrees of freedom. One can choose as gauge:

∂_μ (eg^{μν} (ω_ν )^a_b) = 0 (3.2.11) Or equivalently,one can add to the classical Lagrangian the following gauge fixing term:

£_{LGF} = ε^g^{μν} [ (ω_μ)^a_b∂_ν S^b_a − (ω_μ)^a_b∂_ν ~S^b_a ] (3.2.12) where ε,S_{ab} and ~S_{ab} are arbitrary scalar number,auxiliary field and its hyperbolic complex conjugate respectively.

For the local Fadeev-Popov term £_{LFP} ,it can be introduced in such a way that ∫ d^4x (£_{LGF} + £_{LFP} ) is a locally BRST invariant.

Now,if that θ^a_b anti-ghost field transforms as:

δ^{BRST} L θ^a_b = S_{ab} (3.2.13) straightforward calculations lead to:

£_{LFP} = −ε^g^{μν} δ^{BRST}_L (ω_μ)^a_b ∂_νθ^a_b + h.c.c. (3.2.14) where the notion h.c.c. means hyperbolic complex conjugate and: δ^{BRST} L (ω_μ)^a_b = ∂_μθ^{ab} + (ω_μ)^a_cθ^{cb} − (ω_μ)^b_cθ^{ac} (3.2.15)

3.3 The U (1) transformations:

It is important to notice that the Lagrangian density (2.2) is invariant under the abelian transformation:

δW_ν = ∂_ν Λ (3.3.1) where Λ is an arbitrary scalar field. Thus in NSUGRA,the group symmetry GL (4, R) associated with the general coordinate transformations is extended to include the abelian transformations (3.3.1). One can choose a gauge condition:

∂^μW_μ = 0 (3.3.2) Or equivalently,one can add to the Lagrangian a gauge fixing term £_{AGF} :

£_{AGF} = α (∂^μW_μ)^2 (3.3.3) (α is a constant) .

3.4 Local sypersymmetric transformations:

Following the standard method,then from the local SUSY transformations (2.17) , (2.18) , (2.21) and (2.22) one can deduce the following corresponding BRST transformations:

δ^{BRST} SUSY e i ρ = iσCγ^iΨ_ρ δ^{BRST} SUSY ~e k σ = σΨ_μZ^{μk}_σ C Ω^{μνα}~^ρδ^{BRST}_{SUSY} Ψ_ν = [ Ω^{μρν}~^α − Ω^{μρα}~^ν ] σD_ν C + σf^{μαρ}C δ^{BRST} SUSY Gμν = ΨαV α (μν)σC δ^{BRST} SUSY Φ = jϵ μν Ψ_αV^α_{μν} σC (3.4.1)

Where σ is an anticommuting factor and C given by:

C = A + ~A (3.4.2)

With A the ghost field and ~A its hyperbolic complex conjugate.

Now,suppose that we lave a classical action I depending on a set of gauge fields φ^i and which is invariant under local gauge transformations with paramater ξ^α:

δφ^i = R^i_α (φ) ξ^α (3.4.3)

The symbol R may cntain derivatives and depends on gauge fields. The paramater ξ^α depends on x^μ and represents the parameter general coordinate,local Lorentz and local supersymmetry. As in ordinary gauge theories,one adds a gauge fixing term I_{F IX} for each local gauge invariance and taken to be quadratic in the gauge choice F_α (φ):

I_{F IX} =^1_2 F_α (φ) γ^{αβ}F_β (φ) (3.4.4)

Note that the above choice of action is not necessary,but useful in order to be able to define propagators. In fact the kinetic terms of the sum I + I_{F IX} are non singular,so that one can invert them to obtain the propagators of the theory. The matrix γ^{αβ} is taken to be independent of the quantum gauge fields φ^i.

By varying the gauge choices one obtain I (ghost):

I (ghost) = C^αF_{α,j}R_β^jC^β (3.4.5)

Thus,the total quantum Lagrangian is given by:

I_{T OT} = I + I_{F IX} + I (ghost) (3.4.6)

The quantum equivalent of the classical gauge invariance given by eq.(3.4.3) is the BRST transformations. This quantum symmetry has as a transformation parameter an anticommuting number σ and reads: δ^{BRST} SUSY φ i = σR^i_α (φ) C^α δ^{BRST} SUSY C α = −σ^1_2 f^α_{βγ}C^γC^β δ^{BRST} SUSY C α = σF_βγ^{βα} (3.4.7)

Not that the invariance of (3.4.6) under (3.4.7) is easy to demonstrate (see APPENDIX).

Now,in our case,and in order to eliminate the extra degrees of freedom of the gravitino-skewino spinor Ψ_μ,one has to take the following fixing term: L^F_{SUSY} = ( Ω_μ0_ν0_α0_ρ0Ψ^μ

0 ∑_ν0_α0_ρ0) ̸∂ ( Ω^{μνα}~^ρ ∑ αρμ Ψ_ν ) (3.4.8) With ∑ αρμ = γ_αγ_ργ_μ (3.4.9) and ̸∂ = γ^μ∂_μ Moreover,from eqs.(3.4.7) and (3.4.8) and using the fact that:

F_α {√ −gG_{μν} , ee^μ_a~e^ν_bω_ν^{ab}, Ω^{μνα}~^ρ ∑ αρμ Ψ_ν } α = 1, 3 (3.4.10) and γ^{αβ} = { −^1_4 δ^{νν}0, αδ_{aa}0δ^{μμ}0,^1_4 ̸∂ } (3.4.11) and after straightforward calculations,one can deduce the following Faddeev- Popov term: L^{F −P}_{SUSY} =^7 ∑ i=1 ( H_i + ~H_i ) (3.4.12) Where

H_1 = ∂^μ { C √ −g [ −i (Γ_μχ_ν + Γ_ν χ_μ) − g^μ0^ν0 ( e_μ0_bZ^{ρb}_ν0 Ψ_ρ + i~e^b_ν0γ_bΨ_μ0 ) G_{μν} ]} C^ν H_2 = ∂_μ{Cω_ν^{ab}[^1_2 √ −gg^μ0^ν0 ( i~e^b_ν0γ_bΨ_μ0 − e_μ0_bZ^{ρb}_ν0 Ψ_ρ ) e^μ_a~e^ν_b + ie~e^ν_be^α_aγ^μΨ_α− −ee^μ_a~e^α_bZ^μ0^ν_α Ψ_μ0]C^a0^b0C_a0_b0 H_3 = ( Ω^{μρν}~^α − Ω^{μρα}~^ν ) γ_μD_ν Cγ_αγ~_ρΨ_ν C + γ_μf^{μαρ}Cγ_αγ_ρΨ_ν C H_4 = C { i^1_2 γ_μΩ^{μνα}~^ρe^σ_bγ^bΨ_σ − ~e^α_bZ^{μb}_α Ψ_μ } γ_αγ~_ρΨ_ν C H_5 = CΩ^{μνα}~^σ ~e^ρ_bZ^μ 0_{kσ} Ψ_μ0γ_αγ~_ρΨ_νC − iCΩ^{σναρ}γ^μΨ_σγ_αγ_ρΨ_νC H_6 = iCΩ^{μνσρ}γ^αΨ_σγ_αγ_ρΨ_νC + iΩ^{μνα}~^ργ_aγ_αγ~_ρΨ_νCγ^aΨ_μC H_7 = iΩ^{μνα}~^ργ_aγ~_ργ_μΨ_ν Cγ^aΨ_αC + iΩ^{μνα}~^ργ_αγ_aγ_μΨ_ν Cγ^aΨ_ρC (3.4.13) Furthermore,the SUSY BRST transformations for the ghost C and anti-ghost C can be easily deduced to obtain: δ^{BRST} SUSY C = σ [ Ω^{μνα}~^ρΨ_ν ∑ μ~ρα ] ←− ̸∂ Ψ_μZ^{μk}_σ δ^{BRST}_{SUSY} C = − ( Ψ_μY^{μk,σ} 0 σ,k0 C ) ( Ψ_ν Z^{νk} 0_σ 0 ) σ (3.4.14)

With Y^{μk,σ} 0 σ,k0 =^{∂Zμkσ}_∂~_{ek}0_σ0 (3.4.15)

4 Conclusions:

Through this work,we have constructed an NGT supersymmetric quantum Lagrangian (QNSUGRA) as well as the corresponding BRST transformations related to the various existing symmetries. Regarding this huge beautiful symmetries,one may hope to have at hand a finite theory of gravity or at least a renormalized one[9]-[14].

Acknowledgments:

We wish to thank prof. J .preskill,A. Strominger,F. Abbott and E. Farhi for valuable and fruitful discussion.

APPENDIX A:

The variation of I_{F IX} and of C^α yield: F_αγ^{αβ} ( F_{β,j}R^j_βC^βσ ) + ( σF_δγ^{δα} ) F_{α,j}R^j_βC^β (A-1)

which vanishes since the variation of an action is a bosonic object. The remaining terms cause from varying F_{α,j}R^j_βC^β. The variation of F_{α,j} in (3.4.6) vanishes since: F_{α,jk} = (−1)^{jk} F_{α,kj} (A-2) R^k_δC^δΛR^j_βC^β = (−1)^{(k+1)(j+1)+k+1+j+1} (k ↔ j) (A-3)

so that the symmetries of both term in (j, k) are opposite. For the variation of R^j_βC^β one finds:

R^j_{β,k}R^k_γC^γσC^β −^1_2 f^β_{ρσ}R^j_βC^σσC^ρ = 0 (A-4)

closure of the gauge algebra implies that the commutation of the local gauge transformation is a gain a local gauge transformation,this again of the form (A-1): [δ (η) , δ (ξ)] = R^i_{α,k}R^k_βη^βζ^α − ξ ↔ η = R^j_γf^γ_{ρσ}η^σζ^ρ (A-5)

The structure constants f^γ_{ρσ} may depend on φ. These equations are be local equivalent of the (anti) commutation which define superalgebra. It is now,clear why (A-4) vanishes.

Replacing in eq. (A-5) η^β by C^βσ and ξ^α by C^ασ_1 one finds the combination: ( C^βσ ) (C^αΛ_1) − ( C^βσ_1 ) (C^ασ) = 2 ( C^βΛC^α ) σ_1 (A-6)

Thus,the first term in eq.(A-4) can be written as a commutation,and applying eq.(A-5) ,one completes the proof that eq.(3.4.6) is invariant under the transformations (A-5).

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, A.Maireche in ”gauged BRST Transformations in Quntum Nonsymmetric gravity”Constantine University preprint UC PUB37,August 1997.

[10] N.Mebarki, A.Maireche in ”Quntum Nonsymmetric Gravity and the Superfiber Bundle Formalism” Constantine University preprint UC PUB38,August 1997.

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

[12] N.Mebarki,d A.Maireche in ”Symmetries of Quantum Nonsymmetric Gravity” Constantine University preprint UC PUB40August 1997.

[13] N.Mebarki, 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.

[15] N.Mebarki and K.Ait Moussa,Acta physica pol.B23 (1992) 1223. [16] C.Becchi,A.R.Stora,Ann.phys.N.Y.98 (1976) 287.