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ℒ𝑆𝑀𝐸 = ℒ𝑆𝑀 + ℒ𝐺𝑅 + ℒ𝐿𝑉
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Kostelecký, PRD 69, 105009 (2004)

Conventional physics

Lorentz violation

❖ Models for Lorentz violation applicable to diverse physical scenarios

❖ Compare and classify tests of Lorentz symmetry

❖ Predicts signals for Lorentz and CPT violation



Lorentz violation can be represented as constant uniform 
background fields that permeate Minkowski spacetime

ℒ ⊃ 𝒌𝜇𝒪𝜇 𝑥 𝒌𝜇 Lorentz-violating background field 
𝒪𝜇 field operator 

Velocity of the laboratory frame relative 
to fixed inertial reference frame

Lorentz violation happens when the experimental results depend on 
the spacetime orientation of the laboratory frame

fixed inertial reference frame



Kostelecký and Russell, arXiv:0801.0287v7

The coefficients for Lorentz-violation 
transform under coordinate transformations, 
therefore it is important to report all the 
results in the same reference frame 

The reference frame used is the 
Sun-centered frame (SCF)

ℒ ⊃ 𝒌𝜇𝒪𝜇 𝑥

The components 𝒌𝜇 of the background field are called 
the coefficients for Lorentz violation or SME coefficients 



ℒ𝑆𝑀𝐸 = 𝓛𝑆𝑀 + 𝓛𝐺𝑅 + 𝓛𝐿𝑉

The components 𝒌𝜇1…𝜇𝑛 are called coefficients for Lorentz violation

The field operator 𝒪𝜇1…𝜇𝑛 represents standard field operators                         

Example of a Lorentz-violating term

𝜓𝒇𝛾𝛼𝜓𝒇𝒱𝑓
𝛼

𝜓𝑓(𝑥) is a fermionic field and 𝑓 labels the flavor of the field

𝓛𝐿𝑉 ⊃ 𝒪𝜇1…𝜇𝑛𝒌𝜇1…𝜇𝑛







Minimal Lorentz-violating terms contain field operator of 
mass dimensions 3 or 4 

Minimal Lorentz-violating term 𝜓𝒇𝛾𝛼𝜓𝒇𝒱𝑓
𝛼

𝜓𝒇𝛾𝛼𝜕𝛽𝜕𝜈𝜓𝒇𝒱𝑓
𝛼𝛽𝜈

Mass dimension 3

Nonminimal Lorentz-violating term

Mass dimension 5

Low-energy experiments are expected to be more sensitive to minimal 
terms than to nonminimal terms in a Lorentz-violation effective field theory. 



Lorentz-violating anomalous 
precession frequency shift
• + for positive muon 
• − for negative muon
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Direction of the 
magnetic field in SCF 

The minimal SME only considers Lorentz-violating operators of 
mass dimension 3 and 4. 

Components of magnetic field in SCF 

Laboratory’s velocity in SCF

A linear combination of SME coefficients that transform as a spatial vector 
under rotations of the coordinate system  
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Component of the magnetic field in SCF 

Laboratory’s velocity in SCF

A linear combination of SME coefficients that transform as a spatial vector 
under rotations of the coordinate system  

Minimal Lorentz-violating terms contain field operator of 
mass dimensions 3 or 4 

Lorentz-violating anomalous 
precession frequency shift
• + for positive muon 
• − for negative muon
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Orbital velocity of the Earth
Lorentz-violating field

𝜹𝝎𝒂 = ෙ𝑽𝑱 𝜷𝑳𝑭 𝑱

ෙ𝑻±
𝑰𝑱
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Linear combination of SME coefficients 
• + for positive muon 
• − for negative muon

SME coefficients that appear on the Lagrangian 

𝛽 velocity of muon relative to the laboratory frame 

𝛾 = 1 − 𝛽2 −1/2

Muon mass



𝛿𝜔𝑎
± ≃ 2ෙ𝒃± ⋅ 𝑩 +

𝑩𝑰

𝑩
ෙ𝑻±

𝑰𝑱
𝜷𝑳𝑭 𝑱

ෘ𝑏𝐽
± = ±

1

𝛾
𝑏𝐽 −𝑚𝜇𝑔𝐽

𝐴
+ 𝜖𝐽𝐾𝐿𝐻𝐾𝐿 +𝑚𝜇𝑑𝐽𝑇 ±

1

𝛾
1 +

3

2
𝛽2𝛾2 𝑚𝜇𝜖𝐽𝐾𝐿𝑔𝐾𝐿𝑇

𝑀

g-2 experiments with negative muons are sensitive 
to a different linear combination of SME coefficients 
than g-2 experiments with positive muons
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J-PARC 
𝛽 ≃ 0.94
𝛾 ≃ 3

Fermilab and BNL  
𝛽 ≃ 1
𝛾 ≃ 30

J-PARC’s experiment and Fermilab’s experiment are sensitive to slightly 
different combinations of SME coefficients  
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In the same magnetic field 

Proton precession frequency
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ෘ𝑏𝑍
± can be studied by comparing the anomalous frequencies for two 

orientations of the magnetic field



2ෘ𝑏𝑍
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Minimal cases Nonminimal cases

Energy of the muon in the laboratory frame 

2

𝑑𝑛𝑗

𝑬0
𝑑−4 𝑮𝑗𝟎 𝝌 ෙ𝑯𝑛𝑗0

𝑑 Sun
± 𝒈𝑛𝑗0

𝑑 Sun

Combination of nonminimal SME coefficients

𝐸Fermilab

𝐸𝐽-𝑃𝐴𝑅𝐶
≃ 10

Fermilab’s experiment is more sensitive to nonminimal 
SME coefficients than J-PARC by a factor of 10 𝑑−4 where 
𝑑 is the mass-dimension of the coefficient

Comparing the anomalous frequency for the negative muon with the positive 
muon in the Fermilab experiment will result on the best bounds on the 

effective coefficients  𝒈𝑛𝑗0
𝑑 Sun

with 𝑑 ≥ 5



More information 

Laboratory tests of Lorentz and CPT symmetry with muons

André H. Gomes, V. Alan Kostelecký, and AJV
Phys. Rev. D 90, 076009 (2014)


