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Abstract

In a recently proposed model in which a vector non-Abelian gauge field interacts with an antisymmetric tensor field, it has been shown that the
tensor field possesses no physical degrees of freedom. This formal demonstration is tested by computing the one-loop contributions of the tensor
field to the self-energy of the vector field. It is shown that despite the large number of Feynman diagrams in which the tensor field contributes, the
sum of these diagrams vanishes, confirming that it is not physical. Furthermore, if the tensor field were to couple with a spinor field, it is shown
at one-loop order that the spinor self-energy is not renormalizable, and hence this coupling must be excluded. In principle though, this tensor field
does couple to the gravitational field.
 2005 Published by Elsevier B.V.
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The antisymmetric tensor fieldφµν has been examined for some time[1–5]. Generally, it is considered to have a local Abelian
gauge invarianceφµν → φµν + ∂µλν − ∂νλµ. This is consistent with coupling to the field strengthFµν associated with a vector
gauge fieldAµ as 1

2εµνλσ φµνFλσ is invariant under gauge transformations of bothφµν andAµ. This coupling can be used to
provide a mass to the Abelian vector fieldAµ without destroying gauge invariance or introducing a Higgs scalar. However, a non-
Abelian generalization of this mechanism of mass generation that is consistant with renormalizability has proved to be elusive[6].

Recently, a model has been considered in which a non-Abelian gauge fieldWa
µ interacts with an antisymmetric tensor fieldφa

µν

with the Lagrange density[7]

(1)L = −1

4
Fa

µνF
a
µν + 1

12
Ga

µνλG
a
µνλ + m

4
εµνλσ φa

µνF
a
λσ + µ2

8
εµνλσ φa

µνφ
a
λσ .

In Eq.(1), m andµ are mass parameters,

(2)Fa
µν = ∂µWa

ν − ∂νW
a
µ + gf abcWb

µWc
ν ,

(3)Ga
µνλ = Dab

µ φb
νλ + Dab

ν φb
λµ + Dab

λ φb
µν

and

(4)Dab
µ = ∂µδab + gf apbWp

µ .

Even in the Abelian limit, the mass term in Eq.(1) that is bilinear inφµν is not gauge invariant, and so it was originally hoped
that inclusion of this term would provide a mass to the vector fieldWµ that would have a non-Abelian generalization.
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This Lagrange density is invariant under the infinitesimal gauge transformation

(5)δWa
µ = Dab

µ Ωb, δφa
µν = gf abcφb

µνΩ
c.

Both by a canonical analysis using the Dirac constraint formalism[8] and by explicit eliminations of non-physical degrees of
freedom, it has been shown that surprisingly in the Abelian limit, the tensor field in Eq.(1) does not possess any physical degrees
of freedom.

It was surmised that the full non-Abelian model of Eq.(1) also does not contain any physical degrees of freedom associated
with the tensor field; this conjecture is what we can test by an explicit calculation. Evaluation of the one-loop contributions to the
vector self-energy〈Wa

µWb
ν 〉 involves Feynman diagrams with both vertices and propagators associated with the tensor field, and if

the tensor field is indeed non-physical, its contributions to this Green’s function should all cancel. Below we show that this is in
fact what happens.

Working in Euclidean space, the contribution toL in Eq.(1) that is bilinear in the fields is

(6)L(2) = 1

2

(
Wa

λ ,φa
αβ

)(
∂2Iλσ

m
2 Bλ,γ δ

m
2 Aαβ,σ −1

2Iαβ,γ δ∂
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4 εαβγ δ

)(
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σ
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γ δ

)
,

where

Iαβ = δαβ, Lαβ = ∂α∂β, Iαβ,γ δ = 1

2
(δαγ δβδ − δαδδβγ ),

Aµν,λ = εµνκλ∂κ = −Bλ,µν, Cµν,λ = δµλ∂ν − δνλ∂µ = Dλ,µν,

Qµν,λσ = 1

4

(
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2
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2
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) (
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)
,

(7)Lµν,λσ = εµνκλ∂
2
κσ − εµνκσ ∂2

κλ = −Rλσ,µν.

We have used a gauge fixing Lagrangian

(8)Lgf = −1

2

(
∂ · Wa

)2
.

The inverse of the matrixM appearing in Eq.(6) is

(9)M−1 =
( Iσκ

∂2 −(
m

µ2∂2

)
Dσ,πτ(

m

µ2∂2

)
Cγδ,κ

( 4
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)(
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µ2∂2

)
(−Lγδ,πτ + Rγδ,πτ )

)
.

(This corrects a minor mistake in Ref.[7].)
Using Eq.(9), the free field propagators can be determined. The Feynman rules needed to determine the contribution of the

tensor field to〈Wa
µWb

ν 〉 are inFig. 1.
In computing the one-loop corrections to〈Wa

µWb
ν 〉, it is necessary to include diagrams in which the external leg involves the

mixed propagator〈Wa
µφb

λσ 〉.
The presence of the tensorεµνλσ in the Lagrange density of Eq.(1) makes straightforward application of dimensional regular-

ization difficult. The aspects of dimensional regularization needed are that shifts of variables of integration in Feynman integrals do
not generate surface terms, that massless tadpole integrals of the form

∫
dnk

(2π)n
1

(k2)a
vanish, and that

(10)εαβγ δεµνλσ = (δαµδβνδγλδδσ + · · ·),
where in Eq.(10)all 24 terms formed by permuting indices (taking into account the antisymmetry ofεαβγ δ) are taken into account.
If there were to be modifications to Eq.(10) by virtue of working in(n − 4) dimensions, then these corrections would be of order
(n − 4). This would result in finite contributions to the two point function if there were any divergent integrals, but as the Feynman
integrals all cancel, any corrections to Eq.(10)can be ignored. We then use then-dimensional relationsδµµ = n and

(11)
∫

dnk

(2π)n
kµkνf

(
k2) = 1

n
δµν

∫
dnk

(2π)n
k2f

(
k2).

It turns out though that no integral over loop momentum has to be performed.
The Feynman diagrams associated with the one-loop corrections to〈Wa

µWb
ν 〉 involving the tensor field all vanish individually

except for the ones ofFig. 2. These are individually non-zero, but their sum reduces to an integral of the form

(12)Πµν(p) =
∫

dnk

(2π)n

1∫
0

dx (1− 2x)f
(
x(1− x), k2,p2)(p2δµν − pµpν

)
.
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