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Ptychography is an imaging technique that uses
the coherence of an incident illumination to encode
the spatial distribution of a sample’s transmission
function. The approach combines algorithmically
a collection of diffraction measurements generated
from the illumination of several regions on the spec-
imen. Since it’s first demonstrations with visible
light [1] and X-rays [2, 3] the technique has quickly
gained momentum as one of the most promising
lensless imaging technique, especially in the X-ray
community. It is now used routinely for three-
dimensional imaging [4] with a few dedicated in-
struments.

At the core of ptychographic image reconstruc-
tions is the “phase problem”, especially well known
to crystallographers but met in one form or the
other in multiple fields of physics. Because any mea-
surement device – in this case a pixel-array detec-
tor – is only sensitive to the wavefield intensity, the
image reconstruction task essentially amounts to re-
covering the phase of the wavefield with the help of

additional a priori information.
In the case of ptychography, diffraction is used

as a means to produce diverse measurements that
carry redundant information about the sample and
the illumination. When specific experimental condi-
tions are met, the information collected is sufficient
to reconstruct the sample’s transmission function
and the two-dimensional wavefield – both complex-
valued quantities in general.

Because a coherent illumination is nothing
else than a multiply occupied pure photon state,
the ability to reconstruct the incident wavefield
amounts to accomplishing quantum state tomogra-
phy. The connection between two apparently dis-
tinct fields has opened the way to new developments
[5]. In particular, image reconstruction algorithms
have been successfully adapted to support partially
coherent illuminations – a mixed photon state – and
recent results from sparse analysis indicate that the
number of required diffraction measurements scales
linearly with the rank of the density matrix.
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X-ray photon quantum state to-
mography. a The five dominant eigen-
vectors, represented both in Fourier and
direct (inset) space, of the photon den-
sity matrix recovered from an X-ray pty-
chography experiment. b The experi-
mental setup. A partially coherent por-
tion of the incident X-ray beam is se-
lected by entrance slits and focused on
a sample. The diffraction patterns, col-
lected in the far field for different trans-
lations of the test sample, are fed into
a phase retrieval algorithm that recov-
ers both the sample image (not shown)
and the incident photon beam density
matrix. Figure adapted from [5].
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