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Summary  and Outlook 

Universe might 
be polarized!
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In string theory, there is a possibility that some Lorentz 
tensor f ields acquire a nonzero vacuum expectat ion value
 (Spontaneous Lorentz symmetry Breaking)

In a f ield theory, Spontaneous Symmetry Breaking 
(SSB) occurs when symmetries of the Lagrangian are 
not respected by the ground state of the theory

a
a

Sidereal Time Variation  
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The solut ion (1) has large As value (sidereal t ime 
variat ion), and the solut ion (2) has large C (no t ime 
variat ion), and (1) is stat ist ically slight ly favored than (2).

This is consistent with null sidereal variat ion hypothesis 
test, where null hypothesis cannot be rejected completely.

LSND oscillat ion result  is consistent with order ~10 - 19GeV 
Lorentz violat ing effect.

Ce=−0.2±1.0±0.3
Ase=4.0±1.3±0.4
Ace=1.9±1.8±0.4

The signature of Lorentz Violat ion is sidereal t ime 
variat ion of physics observables, like neutrino 
oscillat ion, in a f ixed coordinate system.  

The LSND oscillat ion result  is described in 
terms of 3 coordinate systems
a) Sun- centered system
b) Earth- centered system
c) LANL local coordinate system
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2 possible solut ions for CPT- odd Lorentz violat ion f it .

Parameter space of LSND sidereal t ime distribution fit using C, As, and 
Ac parameters (including all CPT- odd fields) with 1- sigma contour.

Lorentz Violat ing solut ion is consistent with the LSND 
oscillat ion result , but null sidereal variat ion scenario is not 
excluded.

To validate this solut ion, one needs to check all neutrino 
experiment data with this solut ion (Global solut ion of 
neutrino oscillat ion with Lorentz Violat ion, in preparat ion).

A MiniBooNE signal may exhibit  similar sidereal t ime 
variat ion, which would be very interest ing!

Standard Model Extens ion (SME) 
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Oscillat ion probability for LSND with CPT- odd f ields
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0.19 〉

To quantify the stat ist ical 
signif icance of any 
sidereal t ime variat ion, 
stat ist ical tests are 
applied to beam- on and 
beam- off data.

                    beam- on    beam- off

#events             186          1656

P (Pearson's 2) 0.15          0.77
(37 bins)
P (KS test)         0.234        0.604

Beam- on data is less 
compatible with f lat  
hypothesis compared to 
beam- off data.

However, this is not 
stat ist ically signif icant 
amount.

There is no stat ist ically 
signif icant sidereal t ime 
variat ion in LSND data.

Sidereal t ime distribution of beam- on (top) 
and beam- off (bottom) data

Sidereal v ariating model fit 

LSND coordinate  sy s tems  

Null s idereal v ariation hy pothes is  tes ts

Sidereal t ime distribution best fit lines for no time 
variation (solid) and including all CPT- odd Lorentz 
violating fields (dotted) with flat background (dashed).
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Unbinned-
likelihood 
method is 
used to 
ex tract the 
best f it  
parameters 
of this 
model.

Ce=3.3±0.5±0.3
Ase=0.1±0.6±0.2
Ace=−0.5±0.6±0.2

Solut ion (1) Solut ion (2)

Lorentz and CPT 
violat ion also occurs 
in other theories, 
including loop 
quantum gravity, 
noncommutat ive f ield 
theory, brane world, 
etc...
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SME is the minimal ex tension of Standard Model 
including Part icle Lorentz  and CPT violat ion 
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Modif ied Dirac Equation 

SME parameters 

Lorentz and CPT 
violat ing f ield 
(CPT- odd f ields)

Lorentz violat ing f ield 
(CPT- even f ields)
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