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kL The sampling requirements for ptychography

The spread in the real space

has the size of the probe Let us define:
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The nanoprobe at SWING beamline SOLEIL

SOLEIL
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E =8 keV

Sample-detector distance: 6.6 m

Testing on the Siemens Star
FOV: 20 x 20 pm? Checking the sampling conditions:

Beam size: 6 pum .
Step size: 1 um = 0].7
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EEL 3D imaging of Hydrodesulfurization catalyst

institut

Shell

Bcan S00220 - Point (13) maximal Intensity 34, JoZevus

FOV: 26 x 26 um?2 Number of projections: 640
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3D imaging of Hydrodesulfurization catalyst
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££.  Quantitative Ptychography X-ray Computed Tomography
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Ptychographic X-ray Computed Tomography (PXCT)

Complex-valued refractive index

n(r) = 1-38(r) + ip(7)

3D map of the refractive index

Figure from M. Dierolf et. al., Nature 467 (2010) 436

Complex Transmittance function of object
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EEL Chemical Imaging of hydrated ordinary cement
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Transmission geometry Far-field
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EEL

ztt - Another way to exploit the transverse diversity

Near-Field Ptychography (NFP) Near-Field PXCT (nf-PXCT)

Lateral positions Phase Amplitude Probe

Ptychographic X-ray Computed Tomography (PXCT)
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Additive manufacturing for metallurgy - FeTi

Transverse slice of 3D images

g

Axial slices at different heights

Pixel size = 15 nm and spatial resolution ~; 39 nm Deutsches Zentrum

Manufacturing Parameters: #7 fiir Luft- und Raumfahrt
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Quantitative analysis
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27k Tomographic pre-processing steps

Phase of 2D Phase of 2D transmissivity
reconstructions of projections

Unwrapped area

- —

Removal of constant -

and linear phase terms

K
Phase unwrapping

of well-behaved arca Alignment of

for alignment projections

> — (Ax ,Ay)
Computed tomography

0 u py from wrapped phase

https://toupy.readthedocs.io
https://github.com/jcesardasilva/toupy

S IEJP M. Guizar-Sicairos et al., Opt. Express 19, 21345 (2011)
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https://toupy.readthedocs.io
https://github.com/jcesardasilva/toupy
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oupy

from toupy.restoration import gui_plotphase

Correction of the phase projections

stack_phasecorr = gui_plotphase(projections,vmin=-1.6,vmax=1.6, crop_reg = None, colormap='bone')

Use scroll wheel or
0Ieft/right arrows to navigate images

draw mask close figure
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1) Linear phase ramp removal
(Phase ambiguities)
Object: O'(z,y) = O(x, y)el?milatbatey)]
Probe: P'(z,y) = P(x,y)el 2rila+ba+ey)]
Exit wave:
P(x,y) = P'(@ — Zn,y — yn)O'(, )
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2) Phase unwrapping
(Module 2 phase recovery)
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M. A. Herraez et al., J. Appli. Optics 41, 7437 (2002)
Also in https://scikit-image.org



Subpixel precision alignment of prolectlons

Vertical alignment
Helgason-Ludwig consistency condition:

from toupy.registration import alignprojections_vertical oupy
. shiftproj, valignproj = alignprojections_vertical(projections,shiftproj,*kparams)
/R(f)(a,p)dp= ﬂf(.’];,Z)d.’L'dZ, proj gnproj gnproj proj proj p
D. Ludwig, Comm. Pure Appli. Math 19, 49-81 (1966)

. Initial Integral in x
S. Helgason, Acta Math. 113, 153-180 (1965)
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Subpixel precision alignment of projections
Horizontal alignment bupy

Tomographic consistency:
”Th g p R d f y b FBP f ” d b R d f from toupy.registration import alignprojections_horizontal, compute_aligned_horizontal
e inverse Kadon transiorm Y oliowe y a kadon transform shiftproj = alignprojections_horizontal(sinogram, theta, shiftproj, sparams)

on[y retrieves the origina[ sinograms if they are consistent with a 3D alignedproj = compute_aligned_horizontal(valigndiff, shiftproj, shift_method='fourier')
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[VEEL Modified Filtered Back projection algorithm
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Modified
Filtered Back
Projection

Wrapped projection

"Traditional" Filtered back projection (FBP):
(R. N. Bracewell, A. C. Riddle, The Astrophysical J. 150 (1967) 427)

-Z5(7) = / ol {000,y 030

dlffe rentiation
Derivative along horizontal axis

where A is the length of the side of the voxel. ‘,-

[, .

Using the derivative property of the Fourier transform: Fi {0¢/dx} = i2nuFy {0}
Modified Filtered back projection (FBP)
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Conclusion and prospects

=» Ptychographic X-ray Computed Tomography is an already mature
technique.

=» Appropriately sampling the data allows us to extract the most
information from it.

=» The optimization of the instrument also significantly impacts the
speed of data acquisition and analysis.

=>» Next challenges: Faster data acquisition, nanoimaging of large volumes,
in situ/operando in 3D (gases, temperature, charge/discharge).
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