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CoherenceCoherence

Start with Mutual Optical Intensity – theStart with Mutual Optical Intensity – the
quasimonochromaticquasimonochromatic coherence function – which coherence function – which
describes the correlations in the field between twodescribes the correlations in the field between two

pointspoints
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I propose to consider phase recovery from a veryI propose to consider phase recovery from a very
general perspective that uses the general perspective that uses the GeneralisedGeneralised

RadianceRadiance (Wigner function) of the field. (Wigner function) of the field.

This describes the field in terms of the number ofThis describes the field in terms of the number of
photons as a function of position and momentum. Thephotons as a function of position and momentum. The
quantity is quantity is realreal and so phase does not appear directly. and so phase does not appear directly.

It allows a very intuitive approach to partiallyIt allows a very intuitive approach to partially
coherent optics.coherent optics.
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De-coherenceImprove coherence



Phase SpacePhase Space

x

u

Coherent Field



Fourier transform of Phase SpaceFourier transform of Phase Space
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Transport of Intensity ApproachTransport of Intensity Approach
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qCoherent Field Transport of Intensity Approach –Transport of Intensity Approach –
phase onlyphase only
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Hard X-ray PhaseHard X-ray Phase

KA Nugent, T.E.Gureyev, D.F.Cookson, D.Paganin  and Z.Barnea, Quantitative Phase Imaging Using Hard X-Rays,
Phys.Rev.Letts, 77, 2961-2964 (1996)
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Experimental ResultsExperimental Results

D. Paganin, S. C. Mayo, T. E. Gureyev, P. R. Miller and S. W. Wilkins,
“Simultaneous phase and amplitude extraction from a single defocused image of
a homogeneous object,” J. Microscopy 206, 33 – 40 (2001)
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Contrast Transfer FunctionContrast Transfer Function
Approach – weak phase/absorptionApproach – weak phase/absorption
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HolotomographyHolotomography - experimental - experimental

P.Cloetens, W.Ludwig, J.Baruchel, D.Van Dyck, J.Van Landuyt , J.P.Guigay and M.Schlenker,
Holotomography: Quantitative phase tomography with micrometer resolution using hard
synchrotron radiation X-rays, Appl.Phys.Lett. 75 2912-2914 (1999).
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Experimental resultsExperimental results
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allow imaging of micrometer-sized non-crystalline specimens, Nature, 342-344 (1999).
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nanocrystals, PHYSICAL REVIEW LETTERS 90, Art. No. 175501 (2003)



Soft x-ray demonstrationSoft x-ray demonstration

Marchesini S, He H, Chapman HN, Hau-Riege SP, Noy A,
Howells MR, Weierstall U, Spence JCH X-ray image
reconstruction from a diffraction pattern alone, PHYSICAL
REVIEW B 68,  Art. No. 140101 (2003)



Coherent Diffractive ImagingCoherent Diffractive Imaging

p

qCoherent Field

Pitts TA and Greenleaf JF, Fresnel transform phase
retrieval from magnitude, IEEE Transactions On
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1035-1045 (2003)



Fresnel diffraction imagingFresnel diffraction imaging
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Partially coherent imagingPartially coherent imaging
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Phase-SpacePhase-Space
TomographyTomography



Recovered Coherence FunctionRecovered Coherence Function

C.Q. Tran, A.G. Peele, D. Paterson, A. Roberts, I. McNulty and K.A. Nugent,
Synchrotron Beam Coherence Measured using Phase-Space Tomography,
Optics Letters, 30, 204-206 (2005).



Extraction of coherent informationExtraction of coherent information

Chanh Q.Tran, Andrew G.Peele, Ann Roberts, Keith A.Nugent David Paterson and Ian McNulty X-Ray Imaging: A
Generalised Approach Using Phase Space Tomography, J.Opt.Soc.Am. A., in press



SummarySummary

nn Phase recovery may bePhase recovery may be
consistently understood from aconsistently understood from a
phase-space perspective.phase-space perspective.

nn Methods may be classified in termsMethods may be classified in terms
of which projections are measured.of which projections are measured.

nn Far-field measurements need notFar-field measurements need not
also be Fraunhofer measurements,also be Fraunhofer measurements,
and this allows a greater amount ofand this allows a greater amount of
information to be acquiredinformation to be acquired

nn This perspective meshes neatlyThis perspective meshes neatly
with partially coherentwith partially coherent
measurementsmeasurements
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