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cL L O= +
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dim = 4≤ 6

Effective Field Theory
Weinberg 1979

59Bad news: operators

Leung, Love, Rao 1984
Buchmuller, Wyler 1986

Good news: only a few operators
contribute to top and weak boson physics
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Top decay

mb = 0

=  0.7

=  0.3
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Virtual Top 

Barbieri, Pomarol, Rattazzi, Strumia

Greiner, Zhang, SW
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Top dim 6 operators

Strategy: from t decay
from s-, t-channel single top
from Wt
from tt

Zhang and SW

Degrande, Gerard, Grojean, 
Maltoni, Servant 

Aguilar-Saavedra et al.

Cao, Wudka, Yuan

Grzadkowski et al.

Cho and Simmons
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• Well motivated and 
provides guidance

• SU(3)xSU(2)xU(1) 
gauge invariant

• Includes contact 
interactions

• Valid for top and 
bottom off shell

• Can calculate radiative
corrections

Effective field theory
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Weak boson pair production
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Hagiwara, Isihara, Szalapski, 
Zeppenfeld

Wudka



Scott Willenbrock - UIUC 37

Weak boson pair production

C and P conserving

C and/or P violating

Hagiwara, Isihara, Szalapski, 
Zeppenfeld

Wudka
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Relationship to anomalous couplings

1. Three parameters instead of five
cW, cB, cWWW (C and P conserving)

2. All parameters are constants
Independent of energy

Hagiwara, Isihara, Szalapski, 
Zeppenfeld

Wudka
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What about unitarity bounds?

1. Data respect unitarity bounds 
Physical requirement

2. A theory that fits the data will also respect 
unitarity bounds

Effective theory is intended to describe data 
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What about unitarity bounds?

1. Data respect unitarity bounds 
Physical requirement

2. A theory that fits the data will also respect 
unitarity bounds

Effective theory is intended to describe data 

Unitarity is irrelevant
No need for form factors

Degrande et al.

Wudka
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Conclusion

• Effective field theory is the ideal way to 
parameterize unknown physics at “low”
energy
– Well motivated, provides guidance, systematic
– Incorporates gauge symmetry
– Includes contact interactions
– Valid for real or virtual particles
– Allows for unambiguous loop calculations

• No need for form factors in WW physics
– Unitarity bound is automatically satisfied
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Conclusion

• We are putting all 59 dim 6 operators into 
Madgraph 5.
– Top physics
– WW physics
– Higgs physics
– …

• Contact Celine Degrande
cdegrand@illinois.edu
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Kane, Ladinsky, Yuan 1992

Vertex function approach

Effective field theory approach provides rationale
for neglecting some f’s, setting others to constants

Effective field theory

contribute only at 
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Virtual Top 
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