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Neutron Interferometry = Quantum Mechanics

Neutron
Interferometry

Lessons in Experimental
Quantum Mechanics
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Phase sensitive imaging
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Phase sensitive imaging

refractive index
n=1-90-il
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Phase sensitive imaging

refractive index
n=1-0-iB
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Phase sensitive imaging

refractive index
n=1-0-iR
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Phase sensitive imaging

refractive index
n=1-0-iR

WMM MAAM\CD
WWWWWWW -

neutrons

To obtain phase sensitive images, measure:

() with a crystal interferometer (Bonse & Hart 1965)
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Phase sensitive imaging

refractive index
n=1-0-iR

neutrons

To obtain phase sensitive images, measure:

() with a crystal interferometer (Bonse & Hart 1965)
Vo with differential phase contrast (Ingal 1995, Treimer 2003)
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Phase sensitive imaging

refractive index
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To obtain phase sensitive images, measure:
b with a crystal interferometer (Bonse & Hart 1965)

Vo with differential phase contrast (Ingal 1995, Treimer 2003)
AP with in-line holography (Cloetens 1999, Allman 2000)
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Neutron Grating Interferometer
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Idea: polychromatic detection of angles !
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Neutron Grating Interferometer

10J08)8p

44—

< d —

This setup works well with highly brilliant sources, but is not very
efficient with spallation or reactor neutron sources or an x-ray tube !
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Higher efficiency with Talbot-Lau geometry

single slit
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Higher efficiency with Talbot-Lau geometry

double slit
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Higher efficiency with Talbot-Lau geometry

slit array/ grating
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Decouples coherence from spatial resolution !

A;E[b Franz Pfeiffer — Neutron Phase Imaging PAUL SCHERRER INST IQQE



Talbot-L
-Lau grating i
g interferom

ter

peutrons
/% ﬁoﬁ
spat'\a\\y coherent f
\ine sourceé
object eam gplitter analyzel image
grating grating detector

neutrons

/%

y 4

'mcoherem
source source ovject cam spitter analyze' image
A;E[b gratind grating grating getector
Fran
Z Pfeiff
er —
r - Neutron Phase Im
aging
PAU
LSCHERRER INSTIRRE



Gratings for neutron applications
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Fabrication (Si gratings)

Sio,
Si

spin coating masking
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development exposure
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Fabrication (Si gratings)
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Fabrication (Si gratings)
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Cursor Height = 37 14 um

Cursor Width = 3.987 um

W1 =3087 um

EHT = 5.00 kV Signal A = SE2 Date :23 Sep 2005

|—| WD= 10 mm Time :16:17:45




Fabrication (Si+ Gd gratings)

q;lf:[b Franz Pfeiffer — Neutron Phase Imaging PAUL SCHERRER INST IQQE



EHT = 5.00 kV Signal A = SE2 Date :19 Sep 2005
Mag = 15.00 KX WD = 2mm Time :11:05:26
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First neutron phase contrast results

L/D ~ 250, exposure time per image: 10 sec, spatial resolution ~ 250 micron
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First neutron phase contrast results
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First neutron phase contrast results

object transmission a phase gradient d®/dx [t/mm]
100
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-50
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L/D ~ 250, total exposure time ~ 100 sec, spatial resolution ~ 250 micron
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First neutron phase contrast results

Quantitative v*

object transmission a phase gradient dd/dx [m/mm] object phase shift ® [n]
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L/D ~ 250, total exposure time ~ 100 sec, spatial resolution ~ 250 micron
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Absorption vs. Phase Contrast

attenuation coefficient u [1/cm]
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Absorption vs. Phase Contrast

absorption phase shift
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Neutron phase contrast tomography

180 Phase Projections,
10 images a 10 sec

CT reconstruction:

o(x,y,z) ~ b (x,y,2),
1
— 912 slices
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Neutron phase contrast tomography
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Efficiency ?

PHYSICAL REVIEW LETTERS week ending

VOLUME 91, NUMBER 14 3 OCTOBER 2003

Quantitative Phase Radiography with Polychromatic Neutrons

P.J. McMahon,"* B.E. Allman,"" D. L. Jacobson,”> M. Arif,” S. A. Werner,” and K. A. Nugent]‘i

'School of Physics, University of Melbourne, Victoria 3010, Australia
?Physics Laboratory, National Institute of Standards and Technology, Gaithersburg, Maryland 20899, USA
(Received 23 June 2003; published 1 October 2003)
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Comparison to other methods

Method Measured
quantity @ @
*mechanical instability
Crystal Phase ® *highest phase sensitivity *monochromatic
Interferometer limited FOV (Crystals)
*low efficiency
*good phase sensitivity
Grating Phase gradient | *polychromatic erequires gratings
Interferometer Vo large fields of view
very efficient
*low efficiency
Fresnel Laplace of phase | esimple erequires high resolution
Propagation A *polychromatic detector

*low phase sensitivity

aESl

Franz Pfeiffer — Neutron Phase Imaging

PAUL SCHERRER INSTIRLE



The Future

Interaction Potential Phase shift 3D domain structure ?
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