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Why diffraction?

Perfect Crystal Diffraction:
Phase space filter
Sets up correlations

Beam optics

Angle Interferometer Drift (nrad)
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Why diffraction?

Perfect Crystal Diffraction:
Phase space filter
Sets up correlations

Beam optics

Outline:

e Diffraction of perfect crystals

e Towards a split crystal interferometer
e Diffraction enhanced measurements

Angle Interferometer Drift (nrad)
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Dynamical diffraction theory

Reflected Intensity, Bragg 220, 6B=45°, A=2.7A, full DarwinWidth=0.0000194616 rad

s
r— 0 <

Bragg case (Si220, A=2.7 A)
Bragg:

08

06

ABg=20 prad

04

02

66/rad

-0.00004 -0.00002 0 0.00002 0.00004



Dynamical diffraction theory

Reflected Intensity, Bragg 220, 6B=45°, A=2.7A, full DarwinWidth=0.0000194616 rad
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(0p) N — Npagpr (nBrL) Ns— Npagps (NBs) R SR

Bragg case (Si220, A=2.7 A)

87.15° 0.416 +0.007 466 0.420+0.007 116 0.999973  £0.00007
86.10°  0.652 £0.008 340 0.656+0.008 85 0.999976  +0.00007
85.25°  0.896 +0.010 279 0.900+0.012 70 0.999979  £+0.00008p

Bragg:

ABp=20 urad

A=1.92 A

T. Dombeck, R. Ringo, D.D. Koetke, H. Kaiser, K. Schoen, S.A. Werner, and
D. Dombeck. Measurement of the neutron reflectivity for bragg reflections off a
perfect silicon crystal. Physical Review A, 64(053607), 2001.
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Dynamical diffraction theory

Bragg case (Si220, A=2.7 A)

Bragg:

-0.00004

Laue case (Si220, A=2.7 A)

Laue: E (2,2,0)
Vin
0

-0.00004

Reflected Intensity, Bragg 220, 6B=45°, A=2.7A, full DarwinWidth=0.0000194616 rad
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87.15°
86.10°
85.25°

ABg=20 prad

0.416 £0.007 466 0.420+0.007 116 0.999973  +0.00007
0.652 £0.008 340 0.656+0.008 85 0.999976  +0.00007
0.896 +0.010 279 0.90040.012 70 0.999979  £+0.00008p
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Reflected Intensity, Laue 220, 6B=45°, A=2.7A, full DarwinWidth=0.0000194616 rad
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A=1.92 A

T. Dombeck, R. Ringo, D.D. Koetke, H. Kaiser, K. Schoen, S.A. Werner, and
D. Dombeck. Measurement of the neutron reflectivity for bragg reflections off a
perfect silicon crystal. Physical Review A, 64(053607), 2001.
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* Perfect crystal can achieve very high reflectivity

* Perfect crystals sets very sensitive angular
correlation (urad)

Laue-Mode allows 50% beam splitter
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Wavelength (107°m)

Correlations: 4 (6); A (t)
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Wavelength (107°m)

Wavelength (107°m)

Correlations: 4 (6); A (¢t
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Wavelength (107°m)

Wavelength (107°m)

Correlatlons /1 (6); 4 (t)

Divergence of
neutron guide
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Time of flight: A (t) =

- ESS 5 MW
2018 design

ESS-TDR 5 MW

updated engineering model

SNS
2 MW

J1/ sis 751 18IS TS2
Bl 128 kw A32 kW

ILL 57 MW

time

guide divergence ~ 1073 rad, 6=45° T=T/785 (~ 10°s)
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Thermal Neutron Interferometry

Monochromator: perfect single
crystal Si220 in Bragg
Interferometer: solid Si block,
Si220, non-dispersive geometry

NEUTRON SOURCE




Thermal Neutron Interferometry

Phase Shifter ()

Monochromator Crystal
Monochromator: perfect single

crystal Si220 in Bragg
Interferometer: solid Si block,

Si220, non-dispersive geometry

"white” beam
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Main problem:
* |limited size
* limited sample
* Limited sensitivity
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|dea of a split crystal interferometer

direct neutron
beam




Attempt to build split crystal interferometer

AUFBAU UND MESSUNGEN
MIT DEM
ZWEIKRISTALL-RONTGEN-NEUTRONEN~INTERFEROMETER

Dissertation
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Loss of coherence?

Spatial distribution of phase

Contrast Phase
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I_OSS Of CO h erence ? Temporal distribution of phase

(neutron is 1 x10“ s within interferometer)
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New attempt of a split crystal
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How to get to nrad with neutrons?
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, . o interference -> Peak in FFT
no coherence C(t) Poisson distributed -> noise in FFT ScanFFT_208ep1003.dat
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Project combined Optical, X-ray and Neutron

interferometry

* Probing different interactions, different time scales,
different length scales within one device

e X-rays: 108 m/s, electromagnetic interaction (local
electron density), wavelength 10%m

* Neutrons: 103 m/s, strong interaction, spin, wavelength
101%m

 Light: 108 m/s, electromagnetic interaction (integrated
electron density), wavelength 10" m

e ESS: interesting source for Neutron interferometry
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Storing neutrons via diffraction
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Intensity [neutrons / (s mrad)]

Diffraction based storage @ ANN|
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