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Lorentz Invariance Violation (LIV)

● Tested by many experiments
 [V.A. Kostelecky and N. Russel, Rev.Mod.Phys.83(2011)11]

● In weak decay: very few tests and theory
  → Experimental and theoretical program started

● Lorentz invariance
  → Rotational invariance
  → Angular momentum conservation
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Rotational invariance violation
possible dependence on vector orientation

nuclear polarization

preferred frame

beta momentum

Measured in '70s
R. Newman and S. Wiesner, 
PRD14(1976)1
J.D. Ullman, PRD17(1978)1750
Reanalyzed by theory
J.P Noordmans et. al., 
PRL111(2013)171601

First test performed
S.E. Müller et al., 
PRD88(2013)071901R
Second experiment
New limits
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Principle

Measure polarization

Measure

polarization degree
nuclear polarization direction

   tensor framework

➔

➔ transform to Sun-centered frame
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Example for galactic direction (l = 83o, b = 34o)

time (sidereal hours)

Nuclear polarization direction
    Up-Down      East-West



  

100 um 
HAVAR foil

Setup

selectable Al 
degrader foils

20Na, 27 MeV/nucleon
20Na stopping 
distribution

7 atm neon gas

 β detector  β detector

γ detector

 NaI

γ detector

 NaI

1

2

both particle beam and laser helicity are switched
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20Na decay

T = 1,2+     

T1/2 = 0.45s     2+

20Na

  0+

20Ne

β+ 80%
11 MeV
A = 1/3

E = 1.63 MeV

Measure high energy
β+ //
  → Measures polarization

Gammas measure rate variation 
due to
(assumes LI in EM decay)
  → Measures LIV

E2 transition
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diffusion and
chemistry
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Polarization 
from    asymmetry

East (+) / West (-)

from 

quadrupole
radiation



  

Systematic shifts and uncertanties

Driven by temperature fluctuations
➔ 20Na diffusion, detectors, laser, electronics
➔ systematics correlated  corrected for→

 Temperature and pressure during experiment measured

➔

➔

amplitude of temperature variations
at sidereal frequency
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Results after unblinding

for dataset III

Upper limit, no LIV observed
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statistical uncertainty only

preliminary
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LIV bounds

dataset

combined

I
II
III
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factor 15 
improvement!

including systematic uncertainties

preliminary



  

LIV limits
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Sun-centered frame



  

Conclusion

● Unique test of LIV in the weak decay
 

● Improvements over first experiment, systematic errors eliminated or  
  reduced

● New limit on nuclear polarization dependent LIV in beta decay
  → O(10) sensitivity increase

● Publication in preparation
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