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Lectures

1. V.I Luschikov. Storage of ultra cold neutrons

2. IM. Frank. Neutron optics and ultra cold neutrons

3. A.Steyerl. Very cold neutrons - A new tool in condensed matter research
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HrcraTyT arowmuo#t sHeprmm ®M.J.B.Kypuatoma, Mocksa

9Ta JIeKUMA HOCHT MEMODHANLHHE XapaKkTep X IIOABJIOHNEe 66 CBHBAHO C©
IeYeJLHEM COCHTHOM — KoHumEHOR 22 e Wiy MimxshnoBuya Opanxa.

29 muBA B JladopaTopuu HoRTpoHHOR (esmxm OWAM — JiadopaTopmm TpaHka,
KoJfer'd ¥ yueEVMHM U.M. NIpoBeJM OXHOTHOBHHEN COMHHAD, NOCBAMSHHHE erc
naMATH. JOKJNaZ, OpPOMMTAHHHI TaM, ¥ JOI' B OCHOBY STOM JIOKLMH.

Pioneering works of I.M.Frank
and Modern optics of the Long wave
neutrons
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Overview

»FP interferometers and other multilayers structures
for UCN spectrometry

»Gravity UCN spectrometer with FP interferometers

»Moving grating as a nonstationary device

»Neutron focusing in time

»Accelerating medium effect

» Test of the weak equivalence principle for neutron
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»FP interferometers and other multilayers structures
for UCN spectrometry

»Gravity UCN spectrometer with FP interferometers

»Moving grating as a nonstationary device

» Accelerating medium effect

» Test of the weak equivalence principle for neutron

A1 Frank. ISINN 20, Alushta, Crimea, 22 May 2012: 3



Fabry Perot interferometer for light and
its quantum analog
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Fabry Perot interferometer
(Neutron Interference filter)

V 5 m/s

“— Energy of the

A.A. Seregin, Sov. Phys. JETP 46 (1977), p. 859.
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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.
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First test at the IBR2 reactor, Dubna
(neutron reflectometer “"Reflex”,1997)
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I.V.Bondarenko et al, Physics of Atomic Nuclei, 62 (1999), p.721-737.
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P Delay time at resonant tunneling
(Larmor clock, 1997)
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Potential structure of the 5 -layers
FP interferometer
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9-layers structure (wide window)
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Multi- layers "superwindow”
- supermirror + antireflecting structure

(>110 layers)

UCN VCN - very cold neutrons
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Neutron Fabry -Perot interferometers
(Interference filters)

UCN Filters
Ni/Si and Ni/TiZr

Multilayer structures on a Si wafer.
Number of layers 5-120. Typical thickness of a layer
200-300 A. Uniformity 2-3%
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»FP interferometers and other multilayers structures
for UCN spectrometry

»Gravity UCN spectrometer with FP interferometers

»Moving grating as a nonstationary device

»Neutron focusing in time
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UCN spectrometer with Fabry-Perot
interferometers
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Elementary theory

A.Frank, V.Nosov, 1994

0 YV K 1. Solution of a diffraction problem in a
moving system of reference.
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Neutron diffraction by a grating at rest
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Moving grating as a quantum modulator
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Experimental realization
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where o is an angular period and N — number of groves

N = 75398
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Count/sec

Experimental results
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Neutron focusing in time
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Rotating grating as a time lens
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Neutron time lens is working!
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Refraction of wave at the border of the™®
moving matter
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Transmission of a wave through the T
moving sample (constant velocity)

ei(koX—(Dot) i(p(V)ei(kOX—(Dot)

€

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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Transmission of wave through the sample
(accelerated motion)
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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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Accelerating medium effect in neutron
and light opftics

Neutrons

AE = maL(l— )
n

F.V.Kowalski, Phys. Lett. A, 182 (1993) 335,
V.G.Nosov, A.l.Frank. Phys. At. Nuclei, 61, (1998) 613

Light

K. Tanaka, Phys. Rev . A, 25 (1982) 385,

A.l. Frank, P.Geltenbort, G.V.Kulin, et al, Phys. At. Nuclei, 71 (2008) 1656.
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Idea of the spectrometric experiment

Variation of the UCN energy
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Periodically variation of the neutron energy, caused

by the sample acceleration, leads to the periodical

oscillation of the count rate
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Oscillation of the count rate and ~ELvP
exp er 1,4,. ) Si 0.6 mm, = 40 Hz
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A.I. Frank, P.Geltenbort, 6.V.Kulin, et al, Phys. At. Nuclei, 71 (2008) 1656.
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“EMYoak focusing in time and Accelerating Medium
Effect
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A.ILFrank. ISINN 20, Alushta, Crimea, 22 May 20122 4l



»FP interferometers and other multilayers structures
for UCN spectrometry

»Gravity UCN spectrometer with FP interferometers

»Moving grating as a nonstationary device

»Neutron focusing in time

»Accelerating medium effect

»Test of the weak equivalence principle for neutron

A1 Frank. ISINN 20, Alushta, Crimea, 22 May 2012: 42



Idea of the experiment

E, + SE

Two components are necessary for the realization

1. Non stationary device
2. Spectrometric elements

A.L Frank. ISINN 20, Alushta, Crimea, 22 May 2012:
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Count rate (c/sec)

Experimental results
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Final result
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A. L. Frank, P. Geltenbort, G. V. Kulin and A. N. Strepetov.. JETP Letters, 84 (2006), 105-109.
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New spectrometer at the PF2 beam at ILL (2010).

A.L Frank. ISINN 20, Alushta, Crimea, 22 May 2012:
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New spectrometer at the PF2 beam at ILL
December 2011 — October 2012 (We hope)
Presentation of German Kulin (Friday, 25 May)
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