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Motivation

Detailed experimental investigation of the spectrum of UCNs after its diffraction by a
moving grating and more rigorous theory of effect are required.

- Theory: Dynamical theory of diffraction on a moving grating
V.A. Bushuey, A.l. Frank, V.G. Kulin JETP vol. 122, No. 1, 2016; arXiv:1502.04751v1

[physics.optics)]

« Experiment: TOF Fourier spectrometry was proposed
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Energy range of the resulting spectrum is of the order of 100 neV (comparable with

the UCN initial energy).




Fourier spectrometry method

In the general case the detector response is

0

Z(t)=[1(t)o(t—t")dt’

0
If initial flux modulated harmonically

Z(t)= ] 1(t)sin[ @(t—t) ot
0
Initial time-of-flight spectrum can be presented as Fourier expansion

I(t):CIR(a))sin[a)t—go(a))]da)

*  Z(wm,t) — Fourier harmonic of initial spectrum

« Itis necessary to find R(m) and ¢(w) in an infinitely large range of frequencies
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0
Initial time-of-flight spectrum can be presented as Fourier expansion
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*  Z(wm,t) — Fourier harmonic of initial spectrum

« Itis necessary to find R(m) and ¢(w) in an infinitely large range of frequencies

Realizations:

Classical TOF Fourier — measuring of amplitudes R, and phases ¢, with a discrete
set of frequencies o,

*Reverse TOF Fourier — the correlation between the count rate and delayed function
of the beam modulation is measured




TOF Fourler spectrometer
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Procedure of the measurement.

Count rate oscillation at the detector was measured for discreet number of the frequencies o,
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Initial time-of-flight spectrum was recovered by | I, (t) :%Z Resin(ot+g,)
k
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Initial time-of-flight spectrum was recovered by | I, (t) :%Z Resin(ot+g,)
k

60 modulation frequencies was measured In range 6+360Hz with step 6Hz
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Neutron interference filters as spectrometric devices.
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Diffraction on moving (rotating) grating
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Diffraction on moving (rotating) grating

Grating profile measured by Atomic force microscope
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Diffraction on moving (rotating) grating

Intensity (arb. units)
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Diffraction on moving (rotating) grating

Intensity (arb. units)
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Diffraction on moving (rotating) grating
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Dynamical theory of diffraction on a moving grating
V.A. Bushuev, A.l. Frank, V.G. Kulin JETP vol. 122, No. 1, 2016; arXiv:1502.04751v1 [physics.optics)]




New possibility for the gravity experiment

Diffraction grating and Fabry-Pérot interferometers
+

Time-of-flight Fourier spectrometry

New possibility for the experiment to test the weak equivalence
principle for the neutron
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Knowledge of the initial spectrum energy
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On the way to gravity experiments — nearest steps

Investigation of the grating with increased intensity of the high diffraction orders.

Determination of the possible precision of the simultaneously measured time-of-flight of
neutrons of different diffraction orders.

The new TOF Fourier spectrometer (for the free fall experiment with Ag/g <10 -3)

New entrance chamber

Gain factor for prototype ~ 6 (End of 2015@ILL)

Thin Fourier chopper

No systematic effects due to absorption in the moving rotor

Glass guide of larger diameter
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On the way to gravity experiments — nearest steps

Investigation of the grating with increased intensity of the high diffraction orders.

Determination of the possible precision of the simultaneously measured time-of-flight of
neutrons of different diffraction orders.

The new TOF Fourier spectrometer (for the free fall experiment with Ag/g <10 -3)

New entrance chamber

Gain in the intensity for prototype ~ 6 (End of 2015@ILL)

Thin Fourier chopper

No systematic effects due to absorption in the moving rotor

Glass guide of larger diameter




Summary

Fourier time-of-flight spectrometry for UCN was successfully tested.
UCN energy spectra was measured in the energy range of 60 + 200 neV.
Experimental spectra of neutrons diffracted on moving grating are in

reasonable agreement with theory.

Plans:

1.

Investigation of the specially designed grating with increased intensity of the

high diffraction orders.

Determination of the possible precision of the simultaneously measured time-
of-flight of neutrons of different diffraction orders.

Designing and building of the new TOF Fourier spectrometer for the

experiment to test the weak equivalence principle with neutron
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