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Damping factor of visibility 1N = exp[—oe®(x, y){1 —y(x,y; —pd)}]
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‘ b: Scattering length, p: Atomic density,

Autocorrelation function v(x,y; Ax) = exp

Ge”: Standard deviation of phase &: Correlation length, H: Hurst parameter

O(x,y) = Ps(x,y) + Pr(x, y)
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Phase shift Phase shift
due to due to
averaged structure microstructures

Neutron beam
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BTFDOT 741420 X0 bFR&F

GO Gl G2 =

dy, d,, d,: Grating pitches
y do R;: Distance GO-G1

d1 d2 _
| Z X Z,,: Distance G1-G2
z A: Wavelength

p: Talbot order

R1 z12
< >< >

e Talbot condition:
Put G2 on the self-image position.

d12 p= 1 (G1:Absorption grating)
Zq19 = pOjM 1/2 (G1: /2 phase grating)
1/8 (G1: i phase grating)

e Lau condition:
Superpose self-images from each line source of GO constructively.

do _ R

dy 2z

 Magnification due to spherical wave propagation
d2 - dlM

R, + 2z
M= 12
R4
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Visibility ofxrgoiré fringe dependent on z,, (A: fixed) Moiré fringe between

2g l . self-image of G1 and G2
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Moiré fringes are observable around
1 1 1 | 1 1 1 1 ! ! 1 212 = 0_5 X dlz/}\ (p = 1/2)_

d,*
Z1p = PT
lel (0.4 p

Moiré fringes are observable around
A=0.5xd,/z,, (p =1/2).

AL/A ~50%




Advantages of wavelength-resolved TL interferometry

Phase determination precision
for moiré fringe

N: Statistics
Ac.a. /. =204/ | V:Moiré visibility
Y A | Ax: Band width

Chromatic aberration
of moiré phase
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p
 Wide wavelength band with fine wavelength resolution
- Wide band - High statistics
- Fine resolution = avoid chromatic aberration - High visibility
— Increase phase precision and accuracy

 Wavelength dependence of physical quantity
- Differential phase contrast imaging oc A2

- Visibility contrast imaging
Autocorrelation function with different scales



Experiment at RADEN in J-PARC
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Fabrication of absorption grating with fine pitch (G2)
E——

Gd evaporation method Neutron transmission image
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Fabrication of Absorption Grating _— /& _ . _

. . « e W. Yashiro et al., APEX, 7 (2014) 032501.
Gd based metallic glass imprinting . vashiro et al.. J3aP, 55 (2016) 048003
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Etching extra glass
by ion beam

Metallic glass milling process
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Effective thickness of Gd = 12um
Grating width Si:iMG=0.48:0.52 Experiment

---- Calculation (tzz=12 pm)
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Observation of moiré fringe (without sample)
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Fringe pattern
can be seen over
full wavelength range.
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Phase imaging with TOF method
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Ni, Ti, Al rods (¢$=5mm) Absorption Differential Phase
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Wide wavelength band vs narrow wavelength band
——

Ti Al ST AL
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Wide wavelength band + TOF

Phase oc A2
. Phase unwrapping Fitting to parabola
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Summary
G

* Pulsed Talbot-Lau interferometry with TOF method at
RADN, J-PARC.

e Differential phase contrast imaging with wide wavelength
band (50%) and fine wavelength resolution (~ 3%).

e Phase analysis method with A’ dependence increases the
dynamic range of phase detection in TL interferometer.

e Fabrication of absorption grating with Gd evaporation and
imprinting of metallic glass

e Polarized TL interferometry
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