
Perturbative Aspects of QCD with Abelian Projection

1 Lagrangian for SU(2) QCD

For the purpose of perturbative study, a constant na is enough. We will take n⃗ = (0, 0, 1) in the SU(2) case.

1.1 Field Strength

Covariant derivative:

Dµψ = (∂µ − igGα
µT

α)ψ, [Tα, T β] = ifαβγT γ

For the SU(2) Lie algebra Tα = σα

2
. The gauge field combined with the matrix Tα is

Gµ = Gα
µ

σα

2
=

1

2

(
G3

µ G1
µ − iG2

µ

G1
µ + iG2

µ −G3
µ

)
=

1

2

(
Aµ

√
2Xµ√

2X∗
µ −Aµ

)
where we have introduced

Aµ = G3
µ,

√
2Xµ = G1

µ − iG2
µ.

Field strength tensor is

Fµν =
i

g
[Dµ.Dν ] = ∂µGν − ∂νGµ − ig[Gµ,Gν ]
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It becomes, using new variables,

(Fµν) =
1

2

(
Fµν − igX[µX

∗
ν]

√
2D[µXν]√

2D[µX
∗
ν] −Fµν + igX[µX

∗
ν]

)

with

Fµν = ∂µAν − ∂νAµ, DµXν = (∂µ − igAµ)Xν , DµX
∗
ν = (∂µ + igAµ)X

∗
ν

1.2 Lagrangian

The Lagrangian is L0 = −1
2
tr(FµνF

µν), i.e.,

L0 = −1

2

(
(Fµν)11(F

µν)11 + 2(Fµν)12(F
µν)21 + (Fµν)22(F

µν)22

)
Then we have

L0 = −1

4

(
Fµν − igX[µX

∗
ν]

)2
− 1

2
(DµXν −DνXµ)(DµX

∗
ν −DνX

∗
µ)
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1.3 Gauge fixing: Covariant gauge

The Lagrangian has the form:

L0 = −1

4
FµνF

µν − 1

2
D[µX∗ν]D[µXν] −

1

4
(−2ig)F µνX[µX

∗
ν] +

1

4

(
X[µX

∗
ν]

)2
= +

1

2
Aµ∂2Aµ +

1

2
(∂µAµ)

2 +X∗
ν (η

µνD2 − [Dµ, Dν ])Xµ + (DµXµ)(D
νX∗

ν )

+ igF µνXµX
∗
ν +

1

4

(
X[µX

∗
ν]

)2
We have ignored possible total derivative terms.

To quantize the system it is necessary to fix the gauge. Our choice of gauge fixings are the Feynman gauge
for Abelian gauge fields Aµ and the background covariant) gauge for charged gauge field (chromon fields) Xµ.
Thus, to the Lagrangian above, we add following gauge fixing terms

Lg.f. = − 1

2α
(∂µAµ)

2 − 1

β
|DµXµ|2.

We will not treat X as gluon fields but treat it as a charged vector field. Adding these two we have

L0 + Lg.f. = −1

4
FµνF

µν − 1

2α
(∂µAµ)

2 + (1− 1

β
)|DµXµ|2 +X∗

µ(η
µνD2 − 2igF µν)Xν +

1

4

(
X[µX

∗
ν]

)2
Gauge fixing should be accompanied with ghost terms. First let us split the gauge transformation of gauge
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fields in accordance of Abelian projection.

δGµ = [Dµ,Λ], Λ =
1

2

(
λ3

√
2λ√

2λ∗ −λ3

)
=

1

2

(
∂µλ3 − ig(Xµλ

∗ −X∗
µλ)

√
2(Dµλ+ igXµλ3)√

2(Dµλ
∗ − igX∗

µλ3) −∂µλ3 + ig(Xµλ
∗ −X∗

µλ)

)
or

δAµ = ∂µλ3 − ig(Xµλ
∗ −X∗

µλ), δXµ = Dµλ+ igXµλ3

Now we consider variation of the gauges chosen:

δ(∂µAµ) = ∂µ(∂µλ3 − ig(Xµλ
∗ −X∗

µλ))

δ(DµXµ) = Dµ(Dµλ+ igXµλ3)− ig[∂µλ3 − ig(Xµλ
∗ −X∗

µλ)]X
µ

= DµDµλ+ ig(DµXµ)λ3)− g2(Xµλ
∗ −X∗

µλ)X
µ

Hence the ghost terms should be

Lghost = c̄[∂µ(∂µc+ igX∗
µc+ − igXµ)c−]

+ c̄+[+ig(D
µXµ)c+ (DµDµ + g2X∗

µX
µ)c+ − g2XµXµc−

+ c̄−[−ig(DµXµ)c− g2X∗µX∗
µc+ + (DµDµ + g2X∗

µX
µ)c−],

denoting ghost fields, c, c+, c− and anti-ghost fields c̄, c̄+, c̄−
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1.4 Quark interactions

Lagrangian for quark sector is

Lquark = iψ̄γµDµψ −mψ̄ψ

= ψ̄γµ[i∂µ + g
σ3
2

+
g√
2
σ12Xµ +

g√
2
σ21X

∗
µ]ψ −mψ̄ψ

where

σ12 =

(
0 1
0 0

)
, σ21 =

(
0 0
1 0

)
.

2 Feynman rules

2.1 Propagators

Here are propagators for photon (A) and charged vector particle (=X):

A

,

−i ηµν
p2 + iϵ

for (A)

X −i ηµν
p2 + iϵ

for (X)
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q i

γµpµ + iϵ
for (quark)

2.2 3-point vertex functions

Here are three point vertices :

�

A(1) X(2)

X(3)

= −2igpµ3

1 ηµ1µ2 + 2igpµ2

1 ηµ1µ3 + ig(p3 − p2)
µ1ηµ2µ3

� compare this with the original three point vertex
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2.3 4-point vertex functions

Here are four point vertex with photons and charged vector particles

�

A(1) A(2)

X(3)X(4)

−2ig2ηµ1µ2ηµ3µ4

Here is a vertex involving four charged vector particles
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�

X(1) X(2)

X(3)X(4)

−ig2[ηµ1µ4ηµ2µ3 + ηµ1µ3ηµ2µ4 − 2ηµ1µ2ηµ3µ4 ]

�

� There are other diagrams describing quark-gluon and ghost-gluon interactions
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3 Lagrangian for SU(3) QCD

3.1 Field Strength

Covariant derivative:

Dµψ = (∂µ − igGα
µT

α)ψ, [Tα, T β] = ifαβγT γ

For the SU(3) Lie algebra Tα = λα

2
.

There are two Abelian matrices T 3 and T 8

The gauge field combined with the matrix Tα is

Gµ = Gα
µ

λα

2
=

1

2

G
3
µ +

1√
3
G8

µ G1
µ − iG2

µ G4
µ − iG5

µ

G1
µ + iG2

µ −G3
µ +

1√
3
G8

µ G6
µ − iG7

µ

G4
µ + iG5

µ G6
µ + iG7

µ − 2√
3
G8

µ


=

1

2

Aµ +
1√
3
Bµ

√
2X+

µ

√
2Y +

µ√
2X−

µ −Aµ +
1√
3
Bµ

√
2Z+

µ√
2Y −

µ

√
2Z−

µ − 2√
3
Bµ


where we have introduced

Aµ = G3
µ, Bµ = G8

µ,
√
2Xµ = G1

µ − iG2
µ√

2Yµ = G4
µ − iG5

µ,
√
2Zµ = G6

µ − iG7
µ.
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Field strength tensor:

Fµν =
i

g
[Dµ.Dν ] = ∂µGν − ∂νGµ − ig[Gµ,Gν ]

Curl derivative part:

Der =
1

2

Aµν +
1√
3
Bµν

√
2∂[µX

+
ν]

√
2∂[µY

+
ν]√

2∂[µX
−
ν] −Aµν +

1√
3
Bµν

√
2∂[µX

+
ν]√

2∂[µY
−
ν]

√
2∂[µZ

−
ν] − 2√

3
Bµν


For calculation of the commutator part, we need

Aµ +
1√
3
Bµ

√
2X+

µ

√
2Y +

µ√
2X−

µ −Aµ +
1√
3
Bµ

√
2Z+

µ√
2Y −

µ

√
2Z−

µ − 2√
3
Bµ

 ,

Aν +
1√
3
Bν

√
2X+

ν

√
2Y +

ν√
2X−

ν −Aν +
1√
3
Bν

√
2Z+

ν√
2Y −

ν

√
2Z−

ν − 2√
3
Bν
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Commutator part: C

C11 =
1

4

(
2X+

[µX
−
ν] + 2Y +

[µ Y
−
ν]

)
C12 =

1

4

(
2
√
2A[µX

+
ν] + 2Y +

[µZ
−
ν]

)
C13 =

1

4

(√
2A[µY

+
ν] +

√
6B[µY

+
ν] + 2X+

[µZ
+
ν]

)
C21 =

1

4

(
− 2

√
2A[µX

−
ν] − 2Y −

[µZ
+
ν]

)
C22 =

1

4

(
2X−

[µX
+
ν] + 2Z+

[µZ
−
ν]

)
C23 =

1

4

(
−
√
2A[µZ

+
ν] +

√
6B[µZ

+
ν] + 2X−

[µY
+
ν]

)
C31 =

1

4

(
−
√
2A[µY

−
ν] −

√
6B[µY

−
ν] − 2X−

[µZ
−
ν]

)
C32 =

1

4

(√
2A[µZ

−
ν] −

√
6B[µZ

−
ν] − 2X+

[µY
−
ν]

)
C33 =

1

4

(
2Y −

[µ Y
+
ν] + 2Z−

[µZ
+
ν]

)
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Hence,

(Fµν)11 =
1

2

(
Aµν +

1√
3
Bµν − igX+

[µX
−
ν] − igY +

[µ Y
−
ν]

)
(Fµν)12 =

1

2

(√
2D[µX

+
ν] − igY +

[µZ
−
ν]

)
(Fµν)13 =

1

2

(√
2D[µY

+
ν] − igX+

[µZ
+
ν]

)
(Fµν)21 =

1

2

(√
2D[µX

−
ν] − igZ+

[µY
−
ν]

)
(Fµν)22 =

1

2

(
−Aµν +

1√
3
Bµν + igX+

[µX
−
ν] − igZ+

[µZ
−
ν]

)
(Fµν)23 =

1

2

(√
2D[µZ

+
ν] − igX−

[µY
+
ν]

)
(Fµν)31 =

1

2

(√
2D[µY

−
ν] − igZ−

[µX
−
ν]

)
(Fµν)32 =

1

2

(√
2D[µZ

−
ν] − igY −

[µX
+
ν]

)
(Fµν)33 =

1

2

(
− 2√

3
Bµν + igY +

[µ Y
−
ν] + igZ+

[µZ
−
ν]

)

12



where the covariant derivatives are

DµX
+
ν = (∂µ − igAµ)X

+
ν ; DµY

+
ν = (∂µ − ig

1

2
Aµ − ig

√
3

2
Bµ)Y

+
ν ;

DµZ
+
ν = (∂µ + ig

1

2
Aµ − ig

√
3

2
Bµ)Z

+
ν

3.2 Lagrangian

The Lagrangian is L0 = −1
2
tr(FµνF

µν), i.e.,

L0 = −1

2

(
(Fµν)11(F

µν)11 + (Fµν)12(F
µν)21 + (Fµν)13(F

µν)31

+ (Fµν)21(F
µν)12 + (Fµν)22(F

µν)22 + (Fµν)23(F
µν)32

+ (Fµν)31(F
µν)13 + (Fµν)32(F

µν)23 + (Fµν)33(F
µν)33

)
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Then we have

L0 = −1

2

[
1

4

(
Aµν +

1√
3
Bµν − igX+

[µX
−
ν] − igY +

[µ Y
−
ν]

)2
+

1

4

(
−Aµν +

1√
3
Bµν + igX+

[µX
−
ν] − igZ+

[µZ
−
ν]

)2
+

1

4

(
− 2√

3
Bµν + igY +

[µ Y
−
ν] + igZ+

[µZ
−
ν]

)2
+

1

2

(√
2D[µX+ν] − igY +[µZ−ν]

)(√
2D[µX

−
ν] − igZ+

[µY
−
ν]

)
+

1

2

(√
2D[µY +ν] − igX+[µZ+ν]

)(√
2D[µY

−
ν] − igZ−

[µX
−
ν]

)
+

1

2

(√
2D[µZ+ν] − igX−[µY +ν]

)(√
2D[µZ

−
ν] − igY −

[µX
+
ν]

)]

Where the Abelian covariant derivatives are

DµX
+
ν = (∂µ − igAµ)X

+
ν , DµY

+
ν = (∂µ − ig

1

2
Aµ − ig

√
3

2
Bµ)Y

+
ν

DµZ
+
ν = (∂µ + ig

1

2
Aµ − ig

√
3

2
Bµ)Z

+
ν
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We divide the full Lagrangian into two parts, kinetic energy part and interaction part.

L0 = Lkin + Lint

3.3 Kinetic part

The kinetic part of the Lagrangian (including all of the magnetic terms):

Lkin = −1

4
AµνA

µν − 1

4
BµνB

µν − 1

2
D[µX−ν]D[µX

+
ν] + (X → Y ) + (X → Z)

− 1

4
(−ig)Aµν

(
2X+

[µX
−
ν] + Y +

[µ Y
−
ν] − Z+

[µZ
−
ν]

)
− 1

4
(−ig) 1√

3
Bµν

(
Y +
[µ Y

−
ν] + Z+

[µZ
−
ν]

)
= +

1

2
Aµ∂2Aµ +

1

2
(∂µAµ)

2 +
1

2
Bµ∂2Bµ +

1

2
(∂µBµ)

2

+X−
ν (η

µνD2 − [Dµ, Dν ])X+
µ + (DµX+

µ )(D
νX−

ν ) + (X → Y ) + (X → Z)

− (−ig)Aµν
(
X+

µ X
−
ν +

1

2
Y +
µ Y

−
ν − 1

2
Z+

µ Z
−
ν

)
− (−ig)

√
3

2
Bµν

(
Y +
µ Y

−
ν + Z+

µ Z
−
ν

)
We have ignored possible total derivative terms.
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Lkin =
1

2
Aµ∂2Aµ +

1

2
(∂µAµ)

2 +
1

2
Bµ∂2Bµ +

1

2
(∂µBµ)

2

+X−
µ (η

µνD2 − 2igAµν)X+
ν + (DµX+

µ )(D
νX−

ν )

+ Y −
µ (ηµνD2 − igAµν − ig

√
3Bµν)Y +

ν + (DµY +
µ )(DνY −

ν )

+ Z−
µ (η

µνD2 + igAµν − ig
√
3Bµν)Z+

ν + (DµZ+
µ )(D

νZ−
ν )

To quantize the system it is necessary to fix the gauge. Our choice of gauge fixings are the Feynman gauge for
two Abelian gauge fields Aµ and Bµ and background gauge for three charged gauge fields (chromon fields) Xµ,
Yµ and Zµ. Thus, to the Lagrangian above, we add following terms

Lg.f. = −1

2
(∂µAµ)

2 − 1

2
(∂µBµ)

2 − |DµX+
µ |2 − |DµY +

µ |2 − |DµZ+
µ |2

We will not treat X, Y, Z as gluon fields but treat them as three charged vector fields. Final form of the
Lagrangian for our U(1)× U(1) is

Lkin + Lg.f. = −1

4
AµνA

µν − 1

4
BµνB

µν − 1

2
(∂µAµ)

2 − 1

2
(∂µBµ)

2

+Xµ(η
µνD2 − 2igAµν)Xν + Y µ(η

µνD2 − igAµν − ig
√
3Bµν)Yν

+ Zµ(η
µνD2 + igAµν − ig

√
3Bµν)Zν

where we have changed our notation slightly,

X = X+, X = X−, etc.
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3.4 Interaction part

Lint =
g2

8

{
(X [µXν] + Y [µYν])

2 + (X [µXν] − Z [µZν])
2 + (Y [µYν] + Z [µZν])

2

+ 2Z
[µ
Y ν]Y [µZν] + 2X [µZν]Z [µXν] + 2X

[µ
Y ν]Y [µXν]

}
− ig

√
2

4

{
D[µXν]Y

[µ
Zν] +D[µYν]X

[µ
Z

ν]
+D[µZν]X

[µY
ν] − (c.c.)

}
= −ig

√
2

2

{
DµXν(Y

µ
Zν − Y

ν
Zµ) +DµYν(X

µ
Z

ν −X
ν
Z

µ
) +DµZν(X

µY
ν −XνY

µ
)− (c.c.)

}
+
g2

8

{
(X [µXν] + Y [µYν])

2 + (X [µXν] − Z [µZν])
2 + (Y [µYν] + Z [µZν])

2

+ 2Z
[µ
Y ν]Y [µZν] + 2X [µZν]Z [µXν] + 2X

[µ
Y ν]Y [µXν]

}

17



Expanding the 2nd part, we have

Lint, 2 =
g2

4

{
(X [µXν])

2 + (Y [µYν])
2 + (Z [µZν])

2 +X [µXν]Y
[µ
Y ν] −X [µXν]Z

[µ
Zν] + Z [µZν]Y

[µ
Y ν]

+ Z
[µ
Y ν]Y [µZν] +X [µZν]Z [µXν] +X

[µ
Y ν]Y [µXν]

}
=
g2

2

{
X

2
X2 − (X ·X)2 + Y

2
Y 2 − (Y · Y )2 + Z

2
Z2 − (Z · Z)2

+ 2X · Y X · Y + 2X · ZZ ·X + 2Y · ZY · Z
−X · Y Y ·X −X · ZX · Z − Y · ZZ · Y

−X ·XY · Y −X ·XZ · Z − Y · Y Z · Z
}
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Lagrangian for gluons (neurons and chromons) is

L = −1

4
AµνA

µν − 1

4
BµνB

µν − 1

2
(∂µAµ)

2 − 1

2
(∂µBµ)

2 +Xµ(η
µνD2 − 2igAµν)Xν

+ Y µ(η
µνD2 − igAµν − ig

√
3Bµν)Yν + Zµ(η

µνD2 + igAµν − ig
√
3Bµν)Zν

− ig

√
2

2

{
DµXν(Y

µ
Zν − Y

ν
Zµ) +DµYν(X

µ
Z

ν −X
ν
Z

µ
) +DµZν(X

µY
ν −XνY

µ
)− (c.c.)

}
+
g2

2

{
X

2
X2 − (X ·X)2 + Y

2
Y 2 − (Y · Y )2 + Z

2
Z2 − (Z · Z)2

+ 2X · Y X · Y + 2X · ZZ ·X + 2Y · ZY · Z
−X · Y Y ·X −X · ZX · Z − Y · ZZ · Y

−X ·XY · Y −X ·XZ · Z − Y · Y Z · Z
}

Do not forget

DµXν = (∂µ − igAµ)Xν , DµYν = (∂µ − ig
1

2
Aµ − ig

√
3

2
Bµ)Yν ,

DµZν = (∂µ + ig
1

2
Aµ − ig

√
3

2
Bµ)Zν
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4 Feynman rules

4.1 Propagators

Here are propagators for two photons (A, B) and three charged vector particles (=X, Y , Z):

A, B −i ηµν
p2 + iϵ

for (A,B)

X, Y , Z −i ηµν
p2 + iϵ

for (X, Y, Z)

4.2 3-point vertex functions

Here are 7 different three point vertices (7):

�

A(1) X(2)

X(3)

= −2igpµ3

1 ηµ1µ2 + 2igpµ2

1 ηµ1µ3 + ig(p3 − p2)
µ1ηµ2µ3
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�

A(1) Y (2)

Y (3)

=
1

2
[−2igpµ3

1 ηµ1µ2 + 2igpµ2

1 ηµ1µ3 + ig(p3 − p2)
µ1ηµ2µ3 ]

�

A(1) Z(2)

Z(3)

= −1

2
[−2igpµ3

1 ηµ1µ2 + 2igpµ2

1 ηµ1µ3 + ig(p3 − p2)
µ1ηµ2µ3 ]
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�

B(1) Y (2),Z(2)

Y (3), Z(3)

=

√
3

2
[−2igpµ3

1 ηµ1µ2 + 2igpµ2

1 ηµ1µ3 + ig(p3 − p2)
µ1ηµ2µ3 ]

�

Z(3)

X(1)

Y (2)

=
1√
2
[−ig(p1 − p2)

µ3ηµ1µ2 − ig(p2 − p3)
µ1ηµ2µ3 − ig(p3 − p1)

µ2ηµ1µ3 ]
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�

X(1) Z(3)

Y (2)

=
1√
2
[ig(p1 − p2)

µ3ηµ1µ2 + ig(p2 − p3)
µ1ηµ2µ3 + ig(p3 − p1)

µ2ηµ1µ3 ]
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4.3 4-point vertex functions

Here are four point vertices (17)

�

A(1) A(2)

X(3)X(4)

−2ig2ηµ1µ2ηµ3µ4

�

A(1) A(2)

Y (3)Y (4)

−1

2
ig2ηµ1µ2ηµ3µ4
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�

A(1) A(2)

Z(3)Z(4)

−1

2
ig2ηµ1µ2ηµ3µ4

�

B(1) B(2)

Y (3)Y (4)

−3

2
ig2ηµ1µ2ηµ3µ4
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�

B(1) B(2)

Z(3)Z(4)

−3

2
ig2ηµ1µ2ηµ3µ4

�

A(1) B(2)

Y (3)Y (4)

−
√
3

2
ig2ηµ1µ2ηµ3µ4
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�

A(1) B(2)

Z(3)Z(4)

√
3

2
ig2ηµ1µ2ηµ3µ4

�

A(1) X(2)

Y (3)Z(4)

3

2
√
2
ig2[ηµ1µ4ηµ2µ3 − ηµ1µ3ηµ2µ4 ]
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�

A(1) X(2)

Y (3)Z(4)

3

2
√
2
ig2[ηµ1µ4ηµ2µ3 − ηµ1µ3ηµ2µ4 ]

�

B(1) X(2)

Y (3)Z(4)

√
3

2
√
2
ig2[ηµ1µ4ηµ2µ3 + ηµ1µ3ηµ2µ4 − 2ηµ1µ2ηµ3µ4 ]
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�

B(1) X(2)

Y (3)Z(4)

√
3

2
√
2
ig2[ηµ1µ4ηµ2µ3 + ηµ1µ3ηµ2µ4 − 2ηµ1µ2ηµ3µ4 ]

4.4 quartic vertices of second kind:

�

X(1) X(2)

X(3)X(4)

−ig2[ηµ1µ4ηµ2µ3 + ηµ1µ3ηµ2µ4 − 2ηµ1µ2ηµ3µ4 ]
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�

Y (1) Y (2)

Y (3)Y (4)

−ig2[ηµ1µ4ηµ2µ3 + ηµ1µ3ηµ2µ4 − 2ηµ1µ2ηµ3µ4 ]

�

Z(1) Z(2)

Z(3)Z(4)

−ig2[ηµ1µ4ηµ2µ3 + ηµ1µ3ηµ2µ4 − 2ηµ1µ2ηµ3µ4 ]
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�

X(1) X(2)

Y (3)Y (4)

−1

2
ig2ηµ1µ4ηµ2µ3 + ig2ηµ1µ3ηµ2µ4

�

X(1) X(2)

Z(3)Z(4)

+ig2ηµ1µ4ηµ2µ3
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�

Y (1) Y (2)

Z(3)Z(4)

+ig2ηµ1µ3ηµ2µ4

5 One loop divergences: beta function

5.1 direct evaluations of Feynman diagrams

� Abelian projected QCD shares a common feature with QED: Ward-Takahash identity. The wave function
renormalization of charged particle is canceled by the vertex function renormalization.

Z2 = Z1

And thus charge renormalization is determined by photon wave function renormalization.
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5.2 Heat Kernel Expansion

The one loop effective action is formally

exp(−iΓ[A]) =
√
DetMV√

DetMF DetMghost

where

MV = ηµνD
2 − 2igF µ

ν

MF = /D /D = D2 − 2igσµνF
µν

Mghost = D2

The functional determinant is expressed as, using propertime representation

lnDetM = Tr lnM = Tr

∫
ds

s
e−isD
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The Heat kernel allows an asymptotic expansion

∆x, y, s = ⟨x|e−isD|y⟩ = e−(x−y)2/is

(4πis)2

∑
k

ak(x, y)(is)
k

Obviously, UV divergencies are controlled by the second coefficients a2(x, x), which can be easily found by
recurrence relations.

5.3 Nielsen-Hughes formula

One may evaluate the functional determinant by finding all eigenvalues, when the background field corresponds
to constant uniform magnetic field. This expression also has an UV divergent part. We may identify beta
function from it. For a charged field of any spin S,

β0 = −(−1)2S

2π
[(2S)2 − 1

3
]

We may count the number of charged vectors and quarks and have found

β0 = − 1

6π

(
33

2
−Nf

)
5.4 All order proof

It was prove that this “modified” YM theory is renormalizable in all orders in perturbation theory, based on
BRS structure of the system.
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5.5 Other possible application

Since Feynman rules are modified, we may find physical processes showing some Abelian nature.
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