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Model independent searches for new physics
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Effective Lagrangian

• From the SM fields only

• Invariant under the SM symmetries

• Dimension d of the new operator is >4

L = LSM +
∑ ci

Λ2Oi + O

(
1
Λ4

)

the low-energy effects of new physics at a yet higher scale. Thus the effective
field theory approach is adaptable as we discover new heavy particles.

3. Dimension-Six Operators

There are many dimension-six operators, but only a few of them affect
any given physical process [18]. Thus, by making a variety of measurements,
one can measure or constrain many of the coefficients of these operators. The
number of independent B- and L-conserving dimension-six operators is 59
for one generation of quarks and leptons [25].

Electroweak vector boson pair production involves the coupling of the
electroweak vector bosons to fermions and to each other. The coupling of
the electroweak vector bosons to fermions is generally constrained by other
processes, so it is reasonable to focus on the electroweak vector boson self
interactions when considering the contribution of dimension-six operators
to electroweak vector boson pair production. Assuming C and P conser-
vation, there are just three independent dimension-six operators that affect
the electroweak vector boson self interactions [9]. There is some flexibility
in which three operators are chosen. We follow Ref. [9] and chose the three
independent C and P conserving operators to be

OWWW = Tr[WµνW
νρW µ

ρ ] (2)

OW = (DµΦ)†W µν(DνΦ) (3)

OB = (DµΦ)†Bµν(DνΦ) (4)

where Φ is the Higgs doublet field and

Dµ = ∂µ +
i

2
gτ IW I

µ +
i

2
g′Bµ (5)

Wµν =
i

2
gτ I(∂µW

I
ν − ∂νW

I
µ + gεIJKW J

µ W K
ν ) (6)

Bµν =
i

2
g′(∂µBν − ∂νBµ) (7)

This is a good choice of operators as they are constrained only by electroweak
vector boson pair production [26].

There is no reason to believe that C and P are conserved by the dimension-
six operators, unless the physics beyond the standard model respects these

6

1/Λd−4• New operators are suppressed by

• Keep only the first order (lowest dimension)

Th. error
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Effective field theories

• SM symmetries (B&L) : 59 dimension-six operators 
(one flavor)

• Only few operators/process and different effects

• More predictive than anomalous couplings

• Unitarity is satisfied (no form factors)

• More than one vertex/operator (high multiplicities)

• Loop computation

L = LSM +
∑ ci

Λ2Oi + O

(
1
Λ4

)

C.D. et al, axXiv:1205.4231
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WW(WZ/WA) production

the low-energy effects of new physics at a yet higher scale. Thus the effective
field theory approach is adaptable as we discover new heavy particles.

3. Dimension-Six Operators

There are many dimension-six operators, but only a few of them affect
any given physical process [18]. Thus, by making a variety of measurements,
one can measure or constrain many of the coefficients of these operators. The
number of independent B- and L-conserving dimension-six operators is 59
for one generation of quarks and leptons [25].

Electroweak vector boson pair production involves the coupling of the
electroweak vector bosons to fermions and to each other. The coupling of
the electroweak vector bosons to fermions is generally constrained by other
processes, so it is reasonable to focus on the electroweak vector boson self
interactions when considering the contribution of dimension-six operators
to electroweak vector boson pair production. Assuming C and P conser-
vation, there are just three independent dimension-six operators that affect
the electroweak vector boson self interactions [9]. There is some flexibility
in which three operators are chosen. We follow Ref. [9] and chose the three
independent C and P conserving operators to be

OWWW = Tr[WµνW
νρW µ

ρ ] (2)

OW = (DµΦ)†W µν(DνΦ) (3)

OB = (DµΦ)†Bµν(DνΦ) (4)

where Φ is the Higgs doublet field and

Dµ = ∂µ +
i

2
gτ IW I

µ +
i

2
g′Bµ (5)

Wµν =
i

2
gτ I(∂µW

I
ν − ∂νW

I
µ + gεIJKW J

µ W K
ν ) (6)

Bµν =
i

2
g′(∂µBν − ∂νBµ) (7)

This is a good choice of operators as they are constrained only by electroweak
vector boson pair production [26].

There is no reason to believe that C and P are conserved by the dimension-
six operators, unless the physics beyond the standard model respects these

6

symmetries. If we allow for C and/or P violation, there are two additional
operators, which we choose to be

OW̃WW = Tr[W̃µνW
νρW µ

ρ ] (8)

OW̃ = (DµΦ)†W̃ µν(DνΦ) (9)

Thus there are three C and P conserving dimension-six operators and two op-
erators that violate C and/or P . Together these five operators parameterize
the leading effect of physics beyond the standard model on the electroweak
vector boson self interactions.

4. Anomalous Couplings

Anomalous couplings of electroweak vector bosons are discussed in one
of two formalisms: a Lagrangian or a vertex function. Here we discuss these
two approaches and compare them with the effective field theory approach
discussed in the previous sections.

4.1. Lagrangian approach

The Lagrangian approach to anomalous couplings is based on the La-
grangian [6]

L = igWWV

(

gV
1 (W+

µνW
−µ − W+µW−

µν)V
ν + κV W+

µ W−
ν V µν +

λV

M2
W

W ν+
µ W−ρ

ν V µ
ρ

+igV
4 W+

µ W−
ν (∂µV ν + ∂νV µ) − igV

5 εµνρσ(W+
µ ∂ρW

−
ν − ∂ρW

+
µ W−

ν )Vσ

+κ̃V W+
µ W−

ν Ṽ µν +
λ̃V

m2
W

W ν+
µ W−ρ

ν Ṽ µ
ρ

)

(10)

where V = γ, Z; W±
µν = ∂µW±

ν − ∂νW±
µ , Vµν = ∂µVν − ∂νVµ, and the overall

coupling constants are defined as gWWγ = −e and gWWZ = −e cot θW . In
constructing this Lagrangian, the W bosons are constrained to be on shell and
the scalar components of the neutral gauge bosons are neglected [6]. These
are appropriate constraints for application of this Lagrangian to electroweak
vector boson pair production, so they do not imply a loss of generality. None
of these constraints need be imposed on the effective field theory, however;
it is valid for both real and virtual particles, and for all field components.

The first three terms of Eq. (10) respect C and P , and the remaining
four terms violate C and/or P . Electromagnetic gauge invariance implies

7

CP even operators

CP odd operators

TGC’s and weak boson 
masses are affected by 
different operators at 
the tree-level in this 

basis

Only 5 operators!
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WW production

L = igWWV

(
gV1 (W+

µνW
−µ −W+µW−

µν)V
ν + κV W

+
µ W−

ν V µν +
λV

M2
W

W ν+
µ W−ρ

ν V µ
ρ

+igV4 W+
µ W−

ν (∂µV ν + ∂νV µ)

−igV5 εµνρσ(W+
µ ∂ρW

−
ν − ∂ρW

+
µ W−

ν )Vσ + κ̃V W
+
µ W−

ν Ṽ µν +
λ̃V

m2
W

W ν+
µ W−ρ

ν Ṽ µ
ρ

)

gγ1 = 1 gγ4 = gγ5 = 0EM gauge invariance implies :

11(5+6) parameters

gWWγ = −e gWWZ = −e cot θW
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WW production

L = igWWV
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W

W ν+
µ W−ρ
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ρ
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m2
W
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WW Production

the low-energy effects of new physics at a yet higher scale. Thus the effective
field theory approach is adaptable as we discover new heavy particles.

3. Dimension-Six Operators

There are many dimension-six operators, but only a few of them affect
any given physical process [18]. Thus, by making a variety of measurements,
one can measure or constrain many of the coefficients of these operators. The
number of independent B- and L-conserving dimension-six operators is 59
for one generation of quarks and leptons [25].

Electroweak vector boson pair production involves the coupling of the
electroweak vector bosons to fermions and to each other. The coupling of
the electroweak vector bosons to fermions is generally constrained by other
processes, so it is reasonable to focus on the electroweak vector boson self
interactions when considering the contribution of dimension-six operators
to electroweak vector boson pair production. Assuming C and P conser-
vation, there are just three independent dimension-six operators that affect
the electroweak vector boson self interactions [9]. There is some flexibility
in which three operators are chosen. We follow Ref. [9] and chose the three
independent C and P conserving operators to be

OWWW = Tr[WµνW
νρW µ

ρ ] (2)

OW = (DµΦ)†W µν(DνΦ) (3)

OB = (DµΦ)†Bµν(DνΦ) (4)

where Φ is the Higgs doublet field and

Dµ = ∂µ +
i

2
gτ IW I

µ +
i

2
g′Bµ (5)

Wµν =
i

2
gτ I(∂µW

I
ν − ∂νW

I
µ + gεIJKW J

µ W K
ν ) (6)

Bµν =
i

2
g′(∂µBν − ∂νBµ) (7)

This is a good choice of operators as they are constrained only by electroweak
vector boson pair production [26].

There is no reason to believe that C and P are conserved by the dimension-
six operators, unless the physics beyond the standard model respects these

6

symmetries. If we allow for C and/or P violation, there are two additional
operators, which we choose to be

OW̃WW = Tr[W̃µνW
νρW µ

ρ ] (8)

OW̃ = (DµΦ)†W̃ µν(DνΦ) (9)

Thus there are three C and P conserving dimension-six operators and two op-
erators that violate C and/or P . Together these five operators parameterize
the leading effect of physics beyond the standard model on the electroweak
vector boson self interactions.

4. Anomalous Couplings

Anomalous couplings of electroweak vector bosons are discussed in one
of two formalisms: a Lagrangian or a vertex function. Here we discuss these
two approaches and compare them with the effective field theory approach
discussed in the previous sections.

4.1. Lagrangian approach

The Lagrangian approach to anomalous couplings is based on the La-
grangian [6]

L = igWWV

(

gV
1 (W+

µνW
−µ − W+µW−

µν)V
ν + κV W+

µ W−
ν V µν +

λV

M2
W

W ν+
µ W−ρ

ν V µ
ρ

+igV
4 W+

µ W−
ν (∂µV ν + ∂νV µ) − igV

5 εµνρσ(W+
µ ∂ρW

−
ν − ∂ρW

+
µ W−

ν )Vσ

+κ̃V W+
µ W−

ν Ṽ µν +
λ̃V

m2
W

W ν+
µ W−ρ

ν Ṽ µ
ρ

)

(10)

where V = γ, Z; W±
µν = ∂µW±

ν − ∂νW±
µ , Vµν = ∂µVν − ∂νVµ, and the overall

coupling constants are defined as gWWγ = −e and gWWZ = −e cot θW . In
constructing this Lagrangian, the W bosons are constrained to be on shell and
the scalar components of the neutral gauge bosons are neglected [6]. These
are appropriate constraints for application of this Lagrangian to electroweak
vector boson pair production, so they do not imply a loss of generality. None
of these constraints need be imposed on the effective field theory, however;
it is valid for both real and virtual particles, and for all field components.

The first three terms of Eq. (10) respect C and P , and the remaining
four terms violate C and/or P . Electromagnetic gauge invariance implies

7

CP even Operators

CP odd operators

5. Anomalous Couplings from Effective Field Theory

The effective field theory approach allows us to reframe some analyses
that have been performed using the anomalous coupling formalism. If the
anomalous couplings were taken to be constant Lagrangian parameters, then
we can reinterpret them as the coefficients of dimension six operators. By
reframing the results in terms of dimension six operators, all of the desirable
features of the effective field theory, listed in Section 2, remain intact.

When anomalous couplings are derived from an effective field theory it is
important to remember that they, like the underlying effective field theory,
are only valid below the scale of new physics, Λ. This is in stark contrast to
the original use of anomalous couplings, which were regarded as being valid
to arbitrarily high energy [3, 6].

The effective field theory approach described in the previous section allows
one to calculate the parameters gZ

1 , κγ, etc., in terms of the coefficients of the
five dimension-six operators. Calling these coefficients cWWW , cW , cB, cW̃WW , cW̃ ,
one finds [9, 13]

gZ
1 = 1 + cW

m2
Z

2Λ2
(12)

κγ = 1 + (cW + cB)
m2

W

2Λ2
(13)

κZ = 1 + (cW − cB tan2 θW )
m2

W

2Λ2
(14)

λγ = λZ = cWWW

3g2m2
W

2Λ2
(15)

gV
4 = gV

5 = 0 (16)

κ̃γ = cW̃

m2
W

2Λ2
(17)

κ̃Z = −cW̃ tan2 θW

m2
W

2Λ2
(18)

λ̃γ = λ̃Z = cW̃WW

3g2m2
W

2Λ2
(19)

Defining ∆gZ
1 = gZ

1 − 1, ∆κγ,Z = κγ,Z − 1, we find the relation [9]

∆gZ
1 = ∆κZ + tan2 θW ∆κγ (20)

This, together with the relation λγ = λZ , reduces the five C and P violating
parameters down to three. For the C and/or P violating parameters, we find

10

L = igWWV

(
gV1 (W+

µνW
−µ −W+µW−

µν)V
ν + κV W

+
µ W−

ν V µν +
λV

M2
W

W ν+
µ W−ρ

ν V µ
ρ +igV4 W+

µ W−
ν (∂µV ν + ∂νV µ)

−igV5 εµνρσ(W+
µ ∂ρW

−
ν − ∂ρW

+
µ W−

ν )Vσ + κ̃V W
+
µ W−

ν Ṽ µν +
λ̃V

m2
W

W ν+
µ W−ρ

ν Ṽ µ
ρ

)

c
o

n
sta

n
ts
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WW Production

the low-energy effects of new physics at a yet higher scale. Thus the effective
field theory approach is adaptable as we discover new heavy particles.

3. Dimension-Six Operators

There are many dimension-six operators, but only a few of them affect
any given physical process [18]. Thus, by making a variety of measurements,
one can measure or constrain many of the coefficients of these operators. The
number of independent B- and L-conserving dimension-six operators is 59
for one generation of quarks and leptons [25].

Electroweak vector boson pair production involves the coupling of the
electroweak vector bosons to fermions and to each other. The coupling of
the electroweak vector bosons to fermions is generally constrained by other
processes, so it is reasonable to focus on the electroweak vector boson self
interactions when considering the contribution of dimension-six operators
to electroweak vector boson pair production. Assuming C and P conser-
vation, there are just three independent dimension-six operators that affect
the electroweak vector boson self interactions [9]. There is some flexibility
in which three operators are chosen. We follow Ref. [9] and chose the three
independent C and P conserving operators to be

OWWW = Tr[WµνW
νρW µ

ρ ] (2)

OW = (DµΦ)†W µν(DνΦ) (3)

OB = (DµΦ)†Bµν(DνΦ) (4)

where Φ is the Higgs doublet field and

Dµ = ∂µ +
i

2
gτ IW I

µ +
i

2
g′Bµ (5)

Wµν =
i

2
gτ I(∂µW

I
ν − ∂νW

I
µ + gεIJKW J

µ W K
ν ) (6)

Bµν =
i

2
g′(∂µBν − ∂νBµ) (7)

This is a good choice of operators as they are constrained only by electroweak
vector boson pair production [26].

There is no reason to believe that C and P are conserved by the dimension-
six operators, unless the physics beyond the standard model respects these

6

symmetries. If we allow for C and/or P violation, there are two additional
operators, which we choose to be

OW̃WW = Tr[W̃µνW
νρW µ

ρ ] (8)

OW̃ = (DµΦ)†W̃ µν(DνΦ) (9)

Thus there are three C and P conserving dimension-six operators and two op-
erators that violate C and/or P . Together these five operators parameterize
the leading effect of physics beyond the standard model on the electroweak
vector boson self interactions.

4. Anomalous Couplings

Anomalous couplings of electroweak vector bosons are discussed in one
of two formalisms: a Lagrangian or a vertex function. Here we discuss these
two approaches and compare them with the effective field theory approach
discussed in the previous sections.

4.1. Lagrangian approach

The Lagrangian approach to anomalous couplings is based on the La-
grangian [6]

L = igWWV

(

gV
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µνW
−µ − W+µW−

µν)V
ν + κV W+

µ W−
ν V µν +

λV

M2
W

W ν+
µ W−ρ

ν V µ
ρ

+igV
4 W+

µ W−
ν (∂µV ν + ∂νV µ) − igV

5 εµνρσ(W+
µ ∂ρW

−
ν − ∂ρW

+
µ W−

ν )Vσ

+κ̃V W+
µ W−

ν Ṽ µν +
λ̃V

m2
W

W ν+
µ W−ρ

ν Ṽ µ
ρ

)

(10)

where V = γ, Z; W±
µν = ∂µW±

ν − ∂νW±
µ , Vµν = ∂µVν − ∂νVµ, and the overall

coupling constants are defined as gWWγ = −e and gWWZ = −e cot θW . In
constructing this Lagrangian, the W bosons are constrained to be on shell and
the scalar components of the neutral gauge bosons are neglected [6]. These
are appropriate constraints for application of this Lagrangian to electroweak
vector boson pair production, so they do not imply a loss of generality. None
of these constraints need be imposed on the effective field theory, however;
it is valid for both real and virtual particles, and for all field components.

The first three terms of Eq. (10) respect C and P , and the remaining
four terms violate C and/or P . Electromagnetic gauge invariance implies
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L = igWWV

(
gV1 (W+

µνW
−µ −W+µW−

µν)V
ν + κV W

+
µ W−

ν V µν +
λV

M2
W

W ν+
µ W−ρ

ν V µ
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−
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+
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+
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∆g Z
1 = ∆κZ + tan 2

θW∆κγ

∆X = X − 1

0 = κ̃Z + tan 2
θW κ̃γ

c
o

n
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n
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PDG constraints

•Only LEP combination

•Tevratron measurements are more 
precise but use form factors/other 
relations

gZ1 = 0.984+0.022
−0.019

κγ = 0.979+0.044
−0.045

λγ = 0.028+0.020
−0.021

κ̃Z = 0.12+0.06
−0.04

λ̃Z = 0.09± 0.07

cWWW /Λ2 ∈ [−11.9, 1.94]TeV−2

cW /Λ2 ∈ [8.42, 1.44]TeV−2

cB/Λ
2 ∈ [−7.9, 14.9]TeV−2

cW̃WW /Λ2 ∈ [−185.3,−82.4]TeV−2

cW̃ /Λ2 ∈ [−39.3,−4.9]TeV−2

At 68% C.L.
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Expansion and error
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1/Λ0

Expansion and error

= 1/ (400GeV)2
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NP is suppressed : Bad estimate of the scale
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pp>WWW or pp>WWjj

•Same operators for 4W amplitudes

•gauge invariance requires 3 and 4 
legs vertices to be related 

TGC’s and QGC’s from the dimension-six 
operators are gauge invariant
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Concluding remarks

•EFT are a good way to search for 
heavy new physics

• More predictive (guidance)

• Satisfy unitarity 

• Take care of gauge invariance for any 
process

• Allow loop computation

•EFT are available in MadGraph (https://

cp3.irmp.ucl.ac.be/projects/madgraph/wiki/Models/EWdim6)

https://cp3.irmp.ucl.ac.be/projects/madgraph/wiki/Models/EWdim6
https://cp3.irmp.ucl.ac.be/projects/madgraph/wiki/Models/EWdim6
https://cp3.irmp.ucl.ac.be/projects/madgraph/wiki/Models/EWdim6
https://cp3.irmp.ucl.ac.be/projects/madgraph/wiki/Models/EWdim6
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Dim-6 versus dim-8

•Extra assumptions

•More parameters/less guidance

•Can affect a new observable
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