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3.3. A.SteyerlA.Steyerl. Very cold neutrons  . Very cold neutrons  -- A new tool in condensed matter researchA new tool in condensed matter research
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and Modern optics of  the Long wave and Modern optics of  the Long wave 
neutrons neutrons 



6

Precise UCN Spectrometry With Precise UCN Spectrometry With 
FabryFabry--Perot InterferometersPerot Interferometers

1997 1997 -- 2011 2011 



7

FP interferometers and other FP interferometers and other multilayersmultilayers structures structures 
for UCN spectrometryfor UCN spectrometry

Gravity UCN spectrometer with FP interferometersGravity UCN spectrometer with FP interferometers
Moving grating as a Moving grating as a nonstationarynonstationary devicedevice
Neutron focusing in timeNeutron focusing in time
Accelerating medium effect Accelerating medium effect 
Test of the weak equivalence principle for neutronTest of the weak equivalence principle for neutron
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FabryFabry Perot interferometer for light and Perot interferometer for light and 
its quantum analogits quantum analog

Quantum state
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FabryFabry Perot interferometer Perot interferometer 
(Neutron Interference filter)(Neutron Interference filter)
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1. A.A. Seregin, Sov. Phys. JETP 46 (1977), p. 859.
2. M.I.Novopoltsev et al.NIM A. 264 (1988) P.518. 
3. A. Steyerl, et al, PhysicaB 151 (1988) 36.
4. Bondarenko I.V., Frank A.I., Balashov S.N.et al.

J.Phys. Soc. Jpn. 65(1996). Suppl. A. P.29.

U ≈ 10-7 eV

V ≈ 5 m/s
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First test at the IBR2 reactor, Dubna
(neutron reflectometer “Reflex”,1997)

500 1000

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1,0

1,1

Simulation
d(Ao) 210-21-358-25-207
Nb (1 e-6) A0-2: Ni(N) 9.4, SiNi 6.2, Si 2.12

mm228 Ni(N)-SiNi(N)-Si-SiN(N)-Ni(N)

 experiment
 Simulation

R
ef

le
ct

iv
ity

λ norm

I.V.Bondarenko et al, Physics of Atomic Nuclei, 62 (1999), p.721-737. 

norm mv⊥

=
h

D

A.I.FrankA.I.Frank.. ISINN 20,ISINN 20, AlushtaAlushta, Crimea, 22 May , Crimea, 22 May 20122012гг



12

0 10 20 30 40 50

0,000

0,002

0,004

0,006

0,008

0,010

0,012

0,014

0,016

cp
s

t ms

3.70

TOF spectrum of the UCN passed through FPITOF spectrum of the UCN passed through FPI. . 
Total time Total time ∼∼ 140140 ms. (2011 ms. (2011 гг))

A.I.FrankA.I.Frank.. ISINN 20,ISINN 20, AlushtaAlushta, Crimea, 22 May , Crimea, 22 May 20122012гг



13

Si wafer
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A.IFrank, I.V.Bondarenko, V.V.Vasil’ev et al. JETP Letters, 75, 705 (2002).
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Potential structure of the 5 –layers 
FP interferometer

Ni

TiZr TiZr
Si
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99--layers structure (wide window) layers structure (wide window) 
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Multi- layers “superwindow”
- supermirror + antireflecting structure 

(>110 layers)
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Neutron Neutron FabryFabry ––Perot interferometers Perot interferometers 
(Interference filters) (Interference filters) 

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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FP interferometers and other multilayers structures 
for UCN spectrometry

Gravity UCN spectrometer with FP interferometersGravity UCN spectrometer with FP interferometers
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Accelerating medium effect
Test of the weak equivalence principle for neutron
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UCN spectrometer with UCN spectrometer with FabryFabry--Perot Perot 
interferometersinterferometers
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19971997 20092009
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FP interferometers and other multilayers structures 
for UCN spectrometry
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Elementary theoryElementary theory
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1.1. Solution of a diffraction problem in a Solution of a diffraction problem in a 
movingmoving system of reference. system of reference. 
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Neutron diffraction by a grating at rest Neutron diffraction by a grating at rest 
and by a moving gratingand by a moving grating
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Moving grating as a quantum modulatorMoving grating as a quantum modulator
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Experimental realizationExperimental realization
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2004
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Experimental results
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FP interferometers and other multilayers structures 
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Neutron focusing in time Neutron focusing in time 
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Rotating grating as a time lensRotating grating as a time lens
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Neutron time lens is working!Neutron time lens is working!
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FP interferometers and other multilayers structures 
for UCN spectrometry
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Refraction of wave at the border of the 
moving matter

Light Massive particle (neutron)
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Transmission of a wave through the 
moving sample (constant velocity)

When the wave enters into the sample from free space, the 
frequency of the wave suffers frequency shift. When the wave 
comes out of the medium into free space, the frequency of the 
wave suffers an inverse frequency shift. For the constant-
velocity motion, these two frequency shifts cancel each other.  
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V=const
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For the constant-velocity motion, two frequency shifts cancel 
each other  because the velocity at the  time when the wave enters 
into the medium equal to that at the time when  the wave comes 
out of the slab. For the accelerated motion, two frequency shifts 
do not cancel because the velocity of the medium is not constant. 
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n
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Transmission of wave through the sample 
(accelerated motion)

0fω ≠ ω

A.I.FrankA.I.Frank.. ISINN 20,ISINN 20, AlushtaAlushta, Crimea, 22 May , Crimea, 22 May 20122012гг



37

Accelerating medium effect in neutron Accelerating medium effect in neutron 
andand light opticslight optics
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F.V.KowalskiF.V.Kowalski, Phys. , Phys. LettLett. A, 182 (1993)  335,. A, 182 (1993)  335,
V.G.NosovV.G.Nosov, , A.I.FrankA.I.Frank. Phys.  At. Nuclei, 61, (1998) 613. Phys.  At. Nuclei, 61, (1998) 613 K. Tanaka, Phys. Rev . A, 25 (1982)  385,K. Tanaka, Phys. Rev . A, 25 (1982)  385,

A.I. Frank, A.I. Frank, P.GeltenbortP.Geltenbort, , G.V.KulinG.V.Kulin, et al, Phys. At. Nuclei, , et al, Phys. At. Nuclei, 7171 (2008) 1656.(2008) 1656.
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2005
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Oscillation of the count rate and Oscillation of the count rate and 
experimental result experimental result 
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FP interferometers and other multilayers structures 
for UCN spectrometry
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Idea of the experimentIdea of the experiment

Two components are necessary for the realizationTwo components are necessary for the realization

1. Non stationary device1. Non stationary device
2. Spectrometric elements2. Spectrometric elements
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Experimental resultsExperimental results

Scanning curves measured at various grating rotation frequency and correspondent fitting 
curves
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Final resultFinal result
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