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Accelerating matter and the equivalence principleAccelerating matter and the equivalence principle
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2. Introduction of the refracting slab does not change the energ2. Introduction of the refracting slab does not change the energy y 
due to the energy conservation law due to the energy conservation law 

1.1. In both cases the energy, measured by the detector, is the sameIn both cases the energy, measured by the detector, is the same
due to the equivalence principledue to the equivalence principle
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Elementary theory Elementary theory (1)(1)
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Main assumptionsMain assumptions

1. Effective optical potential is also valid in the case of acce1. Effective optical potential is also valid in the case of accelerated matterlerated matter
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2. Quasi 2. Quasi –– classical approach is correctclassical approach is correct
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Elementary theory Elementary theory (2)(2)
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Elementary theory Elementary theory (3)(3)
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Oscillating slabOscillating slab
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Preliminary estimations of the experimental Preliminary estimations of the experimental 
conditions conditions 
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Interaction of neutrons with accelerating matter

How to measure that?How to measure that?

It was proposed in 1997 to use Neutron Interference Filters for It was proposed in 1997 to use Neutron Interference Filters for the the 
detection of this effectdetection of this effect
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Neutron Interference Filter as a quantum Neutron Interference Filter as a quantum 
monochromatormonochromator
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Ni
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Si

Potential structure of the filter Potential structure of the filter --
monochromatormonochromator
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UCN spectrometer and Interference filtersUCN spectrometer and Interference filters

Interaction of neutrons with accelerating matter
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19971997

Interaction of neutrons with accelerating matter



24 February 2006. XL PNPI Winter School 16

Interaction of neutrons with accelerating matter

Interference filters Interference filters –– neutron neutron FabryFabry ––Perot Perot 
interferometersinterferometers

Multilayer structures on a Si wafer.
Number of layers 5-120. Typical thickness of a layer     
200-300 Å. Uniformity 2-3%
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Idea of the experimentIdea of the experiment
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∆E ≈ 2×10-10 eV
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Methodical Problem 1: filters vibrationMethodical Problem 1: filters vibration
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Velocity of the vibrating filterVelocity of the vibrating filter
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Vibration with amplitude Vibration with amplitude ξξ ≈≈ 10 10 mkmmkm is equivalent to the energy is equivalent to the energy 
oscillation with amplitude oscillation with amplitude ∆∆E E ≈≈ 1010--10 10 eVeV
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Experimental installationExperimental installation
Interaction of neutrons with accelerating matter
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Methodical Problem 2Methodical Problem 2
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Variation of the slab velocity results in the variation of transVariation of the slab velocity results in the variation of transmittivity mittivity 
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Interaction of neutrons with accelerating matter
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Experimental strategy Experimental strategy –– the measurement of the phasethe measurement of the phase
(and amplitude) as a function of the distance between filters (and amplitude) as a function of the distance between filters 
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Methodical Problem 3. Dependence of the transmitted Methodical Problem 3. Dependence of the transmitted 
spectrum on the position of analyzer spectrum on the position of analyzer 
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Oscillation of the count rate Oscillation of the count rate 
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Experimental resultsExperimental results
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1.1. Experimental results are in qualitative agreement Experimental results are in qualitative agreement 
with theory with theory –– neutron changes its energy when  neutron changes its energy when  
passing through an accelerating samplepassing through an accelerating sample

2.2. There are not quantitative agreement with theoryThere are not quantitative agreement with theory
3.3. The reasons of the discrepancy are still The reasons of the discrepancy are still 

incomprehensible.  incomprehensible.  

Interaction of neutrons with accelerating matter

ConclusionConclusion

Thank you for your attention!Thank you for your attention!
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Wave functionWave function
Interaction of neutrons with accelerated matter
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Interaction of neutrons with accelerating matter

Test of the vibrationTest of the vibration

0,000 0,005 0,010 0,015 0,020 0,025
0,80

0,85

0,90

0,95

1,00

1,05

1,10

1,15

1,20
Zero test 40Hz

M
or

m
al

iz
ed

 c
ou

nt
 ra

te

Time (sec)

0.005±0.005


