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What are CTP and Lorentz symmetries and can they be broken?
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Lorentz invariance and CPT are fundamental symmetries of the Universe. They 

ensure the laws of physics stay the same regardless of frame of reference. It is 

appropriate to ask whether either of these two symmetries can be broken [1].

Motivation to consider Lorentz Invariance Violation:

• Curiosity: Discovery of LIV or CPT violation would shake up our understanding of  

fundamental symmetries of the Universe.

• Quantum gravity: In some theories, LIV could help resolve the problems relating to 

quantum gravity and high energy physics.

• Model testing: If discovered, LIV or CPT breaking could help identify the underlying 

theory that describes the physics beyond the Standard Model.

Theoretical formulation of Lorentz invariance and CPT violations

ℒ𝑑−dim = 𝑖ν𝑖𝐿
† ത𝜎𝜇𝜕𝜇ν𝑖𝐿 − 𝑖𝑑−3𝛾𝑖

𝑗1⋯𝑗𝑑−4ν𝑖𝐿
† 𝜎𝑘𝜕𝑘𝜕1⋯𝜕𝑗𝑑−4ν𝑖𝐿

General free Lagrangian with LIV in d dimensions:

𝐸2 = (1 + ҧ𝛾)2𝒑2 +𝑚2 ҧ𝛾 = 𝛾𝑖
𝑗1⋯𝑗𝑑−4𝑝𝑘𝑝𝑗1⋯𝑝𝑗(𝑑−4)

Discrepancy in 𝜽𝟐𝟑 measurements in T2K and NOνA

Energy-dispersion relations:

where

Non-minimal LIV as solution to T2K and NOνA tension

𝛾𝑒𝑒
(4)

= −1.8 × 10−24 ∆χ2 = 0.8

𝛾𝜇𝜇
(4)

= −8.0 × 10−24 ∆χ2 = 2.5

𝛾𝜏𝜏
(4)

= +8.7 × 10−24 ∆χ2 = 5.5

𝛾𝑒𝜇
(4)

= +1.0 × 10−24 ∆χ2 = 3.8

𝛾𝑒𝜏
(4)

= −0.7 × 10−24 ∆χ2 = 1.8

𝛾𝜇𝜏
(4)

= +3.1 × 10−24 ∆χ2 = 14.8

T2K and NOνA have measured different values 

for the atmospheric mixing angle [2, 3]:

Best fit: Goodness of fit:

T2K: 𝜃23 = 46.5° χmin
2 = 163

NOνA: 𝜃23 = 48.4° χmin
2 = 40

Fit results (1 d.o.f.):

T2K and NOνA

Conclusion: 𝛾𝜏𝜏
(4)

and 𝛾𝜇𝜇
(4)

could 

alleviate the tension between T2K 

and NOνA.

T2K and NOνA
Present bounds [4]:

𝛾𝑒𝜇
(4)

< 10−19 and 𝛾𝜇𝜏
(4)

< 10−28


