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2 degrees of freedom:

- distance from focal plane
- sample rotation




THE DISTORTION

determination of wavefront abberations
mirror bending defects (geometrical a
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refraction by the sample

: flat-field correction falls
human hair

dust particles
on the mirror
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L ocal tomography
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cylindrical sample of 7% Cuin Al & pe—
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the projections - preprocessing of data

D =225 mm
M=17

neuron cell - projections




Rel. phase map from magnified fresnel diffraction patterns

relative phase map

diffraction patterns brought to same magnification



phaseretrieval

The cost functional lineari zation with

P Tcdc(+ ' t to:
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d slowly-varying EIS

phase

Direct linear methods

(filtering) weak object
parabol oid method
Iterative method: no restrictions on | Steepest descend to minimize

object the cost functional

E.J. Kirkland, Ultramicroscopy 15,151 (1984)



Slowly-varying phase

T(x)=€*® & p(17) — p(n— ADf )| <<1 V7

the basic formula _
FT of intensity contrast factor FT phase

tomographic slice

5 distances
900 projections




Weak object approximation

the approximations

I, (f) = &(f) + 2sin(zADf?)@(f) — 2cos(zADf 2).B(f)

phase contrast factor absorption contrast factor

. , 5 iterations with calculated ¢ asinitial guess
-~ | tomographic slices S

S. Zabler, P. Cloetens, J.-P. Guigay, J. Baruchel, M. Schlenker, Rev. Sci. Ins., in press



paroboloid method

negiS
the basic formulas
B = 2 5(f) + exp(-izADf?) . ofl + exp(izADf?) .

Fourier transform
intensity SRRT
s tomographic dice

large objects enter
the field of view

-phase unwrapping needed

M.Op de Beeck, D. Van Dyck and W. Coene, Ultramicroscopy 64,167 (1996) P. Cloetens,PhD thesis 199€



comparing the different approaches
weak Obj ect foIIowed by 5 iterations
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Parabol oid method

Sl located at grain
boundaries




AlCu alloy in 3D

Phase retrieval based on

weak-0bject assumption

Graln boundaries




Outlook — iterative method

The Gerchberg-Saxton-Fienuf
- Fresnel diffraction
- multiple intensity nr

propagate U, to
data plane 1

propagate uy,
to data plane 5

new estimate

_ﬁ 121X.Xq
X) oc j u,(x,)e > e *® dx,

Curvature too large?

consider actual u._as determined using the grids
when iteration completed:
phase unwrapping



summary & perspectives

Overview of the processing for magnified tom

tomographic

correct distortion phaseretrieval :
reconstruction

Artefacts: Perturba

-Implement different iterative approaches
consider as far-field with curvature
-Implement phase unwrapping

ography improved in

ghest resolution optics
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