Recovering Phase and Correlations from X-ray Fields

Keith A Nugent', Andrew G Peele’, Chanh Tran', Ann Roberts’, Henry N
Chapman?, Adrian P Mancuso' and David Paterson®

'School of Physics, The University of Melbourne, Vic., 3010, Australia
%l awrence Livermore National University, PO Box 808, Livermore, CA., 94550, USA

*Advanced Photon Source, Argonne National Laboratory, 9700 South Cass Ave, Argonne, lll,
60439, USA

The development of x-ray free-election lasers promises the acquisition of diffraction data
from very small crystals, or even single molecules. Recent work has demonstrated the
reconstruction of such non-crystallographic specimens from diffraction data, although the
uniqueness of the reconstruction cannot be guaranteed. Successful unique real-space phase
recovery methods, such as the transport of intensity approach, have been demonstrated and
successfully applied but have hitherto been thought to fail in the far-field limit.

In this talk we consider the real-space ideas in the context of the diffraction of fields
containing phase curvature, which we term astigmatic fields. We show that astigmatic
diffraction patterns allow unique recovery of structural information from diffracted intensities
in reciprocal space. We demonstrate an algorithm that allows the phase to be recovered
uniquely and reliably.

We then go on to consider the next level of complexity, which is the recovery of the
correlations in the wavefield. We outline a technique by which complete coherence
information may be recovered from a beam and we present some experimental results
recently obtained at the Advanced Photon Source.



