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1. Neutrinos 

Neutrinos in the standard model 
The standard model describes 6 quarks and 6 leptons and 3 types of force carriers. 

Neutrinos are special because,  
 
 1. they only interact with weak nuclear force.  
 
 
 
 
 
 
 
 
 2. interaction eigenstate is not Hamiltonian 
eigenstate (propagation eigenstate). Thus 
propagation of neutrinos changes their species, 
called neutrino oscillation. 
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1. Neutrino oscillations, natural interferometers 

Neutrino oscillation is an interference experiment (cf. double slit experiment)  

For double slit experiment, if path ν1 and path ν2 have different length, they have different 
phase rotations and it causes interference. 
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1. Neutrino oscillations, natural interferometers 

Neutrino oscillation is an interference experiment (cf. double slit experiment)  

If 2 neutrino Hamiltonian eigenstates, ν1 and ν2, have different phase rotation, they cause 
quantum interference.  
 
If ν1 and ν2, have different mass, they have different velocity, so thus different phase 
rotation. 
 
The detection may be different flavor (neutrino oscillations). 
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1. Lorentz violation with neutrino oscillation 

Neutrino oscillation is an interference experiment (cf. double slit experiment)  

If 2 neutrino Hamiltonian eigenstates, ν1 and ν2, have different phase rotation, they cause 
quantum interference.  
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1. Lorentz violation with neutrino oscillation 

Neutrino oscillation is an interference experiment (cf. double slit experiment)  

If 2 neutrino Hamiltonian eigenstates, ν1 and ν2, have different phase rotation, they cause 
quantum interference. 
	

If ν1 and ν2, have different coupling with Lorentz violating field, interference fringe 
(oscillation pattern) depend on the sidereal motion. The measured scale of neutrino 
eigenvalue difference is  comparable the target scale of Lorentz violation (<10-19GeV). 
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1. Lorentz violation with neutrino oscillation 

Neutrino oscillation is an interference experiment (cf. double slit experiment)  

If 2 neutrino Hamiltonian eigenstates, ν1 and ν2, have different phase rotation, they cause 
quantum interference.  
 
If ν1 and ν2, have different coupling with Lorentz violating field, interference fringe 
(oscillation pattern) depend on the sidereal motion. The measured scale of neutrino 
eigenvalue difference is  comparable the target scale of Lorentz violation (<10-19GeV). 
 
If neutrino oscillation is caused by Lorentz violation, it may have sidereal time dependence 
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2. IBD rate 
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IBD rate is affected by day-night effect of reactor cycle. However, this features precisely 
simulated.    
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IBD rate is affected by day-night effect of reactor cycle. However, this features precisely 
simulated.    
 
Although we simulate this effect, majorities are smeared out in sidereal distribution. 
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3. Double Chooz experiment result  
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Reactor electron antineutrino disappearance experiment 
 - The first result shows small anti-νe disappearance! 
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 - The second result reaches 3.1σ signal 
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3. Double Chooz experiment result  
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Reactor electron antineutrino disappearance experiment 
 - The first result shows small anti-νe disappearance! 
 - The second result reaches 3.1σ signal 
 - DayaBay and RENO experiments saw disappearance signals, too 
 - This small disappearance may have sidereal time dependence 

Double Chooz reactor neutrino candidate 

The Big Bang Theory (CBS) 

Leonard: What do you think about the latest Double Chooz result? 
Sheldon: I think this is Lorentz violation..., check sidereal time dependence 



Lorentz violation is realized as a coupling of particle fields and background fields, so the basic 
strategy to find Lorentz violation is: 
 
 (1) choose the coordinate system 
 (2) write down the Lagrangian, including Lorentz-violating terms under the formalism 
 (3) write down the observables using this Lagrangian 
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Lorentz violation is realized as a coupling of particle fields and background fields, so the basic 
strategy to find Lorentz violation is: 
 
 (1) choose the coordinate system 
 (2) write down the Lagrangian, including Lorentz-violating terms under the formalism 
 (3) write down the observables using this Lagrangian 
 
 - Neutrino beamline is described in Sun-centred coordinates 
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Lorentz violation is realized as a coupling of particle fields and background fields, so the basic 
strategy to find Lorentz violation is: 
 
 (1) choose the coordinate system 
 (2) write down the Lagrangian, including Lorentz-violating terms under the formalism 
 (3) write down the observables using this Lagrangian 
 
Standard Model Extension (SME) is the standard formalism for the general search for Lorentz 
violation. SME is a minimum extension of QFT with Particle Lorentz violation 
 
SME Lagrangian in neutrino sector 
 
 
 
 
SME coefficients 
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Lorentz violation is realized as a coupling of particle fields and background fields, so the basic 
strategy to find Lorentz violation is: 
 
 (1) choose the coordinate system 
 (2) write down the Lagrangian, including Lorentz-violating terms under the formalism 
 (3) write down the observables using this Lagrangian 
 
Various physics are predicted under SME, but among them, the smoking gun of Lorentz 
violation is the sidereal time dependence of the observables 
 
solar time:      24h 00m 00.0s 
sidereal time: 23h 56m 04.1s 
 
Lorentz-violating neutrino oscillation probability for short-baseline experiments 
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 (2) write down the Lagrangian, including Lorentz-violating terms under the formalism 
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Various physics are predicted under SME, but among them, the smoking gun of Lorentz 
violation is the sidereal time dependence of the observables 
 
solar time:      24h 00m 00.0s 
sidereal time: 23h 56m 04.1s 
 
Lorentz-violating neutrino oscillation probability for short-baseline experiments 
 
 
 
 
 
 
Sidereal variation analysis for short baseline neutrino oscillation is 5-parameter fitting problem 
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3. Test of Lorentz violation with Double Chooz  
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So far, we have set limits on 
 1. νe↔νµ channel: LSND, MiniBooNE, MINOS (<10-20 GeV) 
 2. νµ↔ντ channel: MINOS, IceCube (<10-23 GeV) 
The last untested channel is νe↔ντ 
 
It is possible to limit νe↔ντ channel from reactor νe disappearance experiment 
 

P(νe↔νe) = 1 - P(νe↔νµ) - P(νe↔ντ) ~ 1 – P(νe↔ντ)   

Double Chooz collaboration, 
paper in preparation 
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So far, we have set limits on 
 1. νe↔νµ channel: LSND, MiniBooNE, MINOS (<10-20 GeV) 
 2. νµ↔ντ channel: MINOS, IceCube (<10-23 GeV) 
The last untested channel is νe↔ντ 
 
It is possible to limit νe↔ντ channel from reactor νe disappearance experiment 
 

P(νe↔νe) = 1 - P(νe↔νµ) - P(νe↔ντ) ~ 1 – P(νe↔ντ)   

Double Chooz collaboration, 
PRD86(2012)112009 

Small disappearance signal 
prefers sidereal time independent 
solution (flat) 
 
We set limits in the e-τ sector for 
the first time; νe↔ντ (<10-20 GeV) 

Double Chooz reactor neutrino data/prediction ratio 
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SME coefficient limits from Double Chooz 
By this work, Lorentz violation is  
tested with all neutrino channels 
 
Chance to see the Lorentz  
violation in terrestrial neutrino  
experiments will be very small  
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4. Spectrum fit 
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Main source of Double Chooz oscillation signal has no sidereal time dependence. 
By assuming main source of neutrino oscillation is neutrino mass, we can study 
perturbation terms to find secondary effect to cause oscillations. 
 

P(νe↔νe) = 1 – P(0)(νe↔νe) - 1 – P(1)(νe↔νe) - 1 – P(2)(νe↔νe)...  
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Main source of Double Chooz oscillation signal has no sidereal time dependence. 
By assuming main source of neutrino oscillation is neutrino mass, we can study 
perturbation terms to find secondary effect to cause oscillations. 
 
Sidereal variation is one of many predicted phenomena of Lorentz violating neutrino 
oscillations. Lorentz violation predict anomalous energy dependence of neutrino oscillations 

Effective Hamiltonian of Lorentz violating neutrino oscillations 

Diaz,Kostelecký,Mewes 
PRD80(2009)076007 



4. Spectrum fit 
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Main source of Double Chooz oscillation signal has no sidereal time dependence. 
By assuming main source of neutrino oscillation is neutrino mass, we can study 
perturbation terms to find secondary effect to cause oscillations. 
 
Sidereal variation is one of many predicted phenomena of Lorentz violating neutrino 
oscillations. Lorentz violation predict anomalous energy dependence of neutrino oscillations 

Double Chooz reactor neutrino candidate 
Since Double Chooz knows its reactor neutrino 
spectrum precisely, we can study sidereal time 
independent terms from spectrum fit 

Diaz,Kostelecký,Mewes 
PRD80(2009)076007 
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4. Spectrum fit 
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Main source of Double Chooz oscillation signal has no sidereal time dependence. 
By assuming main source of neutrino oscillation is neutrino mass, we can study 
perturbation terms to find secondary effect to cause oscillations. 
 
Sidereal variation is one of many predicted phenomena of Lorentz violating neutrino 
oscillations. Lorentz violation predict anomalous energy dependence of neutrino oscillations 

Double Chooz reactor neutrino spectrum fit 
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Conclusion 

Lorentz and CPT violation has been shown to occur in  Planck-scale theories. 
 
There is a world wide effort to test Lorentz violation with various state-of-the-art 
technologies. 
 
Double Chooz reactor electron anti-neutrino disappearance oscillation 
experiment observed nonzero signal. However, this signal is compatible with flat. 
This set first limits on e-τ sector of SME coefficients 
 
MiniBooNE, LSND, MINOS, IceCube, and Double Chooz set stringent limits on 
Lorentz violation in neutrino sector in terrestrial level 
 

Thank you for your attention! 


