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Extra dimensions and Gravity
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Dark Matter
the “dark energy” density is  ~(10-3 eV)4

sensitivity of neutrons for test of gravity at 
corresponding distances (< 0.1 mm)



Some characteristic scales (UCN)
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Neutron Interferometry

nuclear gr vne a     



Translation Method
outside the material;

inside the material.
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Two Plates
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Two plates + Gravity

 1st:

 Between: 

 2nd:  
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For experimental sensitivity of 10-4 rad and

Then, for λ≈10nm:     
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Diffraction

 For q=0:

 Bragg reflection
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 For

 For
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(1) from Nesvizhevsky and Protasov; 
(2) from Zimmer and Kaiser; 
(3)  from the review of Adelberger; 
(4)  from the “two-plate”  method; 
(5)  from the diffraction method. 
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Two Plates: QM-Solution
Observations:

 solution of Mathieu - type equation

 PR: coherent propagation of neutrinos through materials 
with density profile variations (Akhmedov, 1999)

 “Harmonic oscillator “= “one-dimensional potential barrier 
(Pitaevsky)

 Eckart’s potential : the existence of quantum parametric 
resonance



Quantum parametric resonance

 L. P. Pitaevsky, A. M. Perelomov, Ya. B. Zeldovich
 (L. D. Landau, E. M. Lifshitz)
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Quantum PR (phase)

 The potential in between the slabs:

where

Since

QPR conditions: 

or for very small parameter  η:

With the width   
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One-Dim transmission

 that transmission amplitude for exponentially decreasing 
potentials have infinite number of singularities in the 
complex momentum plane

 For two overlapping potentials the transmission amplitude 
has a second order pole at the same position, defined by 
the slope:

then, the region of maximal sensitivity is:
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Toy Model
Two potentials: one is a localized strong potential and other 

one is weak exponentially decreasing potential

then 
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Phase shift for two slabs with L=10nm and λ=5nm as a 
function of neutron wavelength n (    )A





(1) from Nesvizhevsky and Protasov; 
(2) from Zimmer and Kaiser; 
(3)  from the review of Adelberger; 
(4)  from the “two-plate”  method; 
(5)  from the diffraction method. 



Experimental sensitivity to the phase
at the level 10-3 rad (                 )300n A 





Summary

Coherent interactions

Low energy to “match” extremely small 
potentials

Low energy to approach imaginary 
poles

Resonance interactions 


