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Report:

In this beamtime we made an attempt to perform X-ray quantum 2D imaging with true single photons for the
first time. The source for the single photons was the nonlinear process of parametric down conversion (PDC).
To generate the single photons we used the procedure and configuration of our previous successful experiments
[1,2].

In the X-ray PDC process an incident X-ray photon, that is called pump, interacts with the quantum vacuum
field in a crystal and converts into a correlated photon pair. The efficiency of conversion of pump photons into
a photon pair is very low, however by using energy and momentum conservation and the fact that the two
photons were generated in the same time, we could separate the PDC photon pairs from the background noise.
In earlier experiments where we used silicon drift detectors (SDDs), we mounted the detectors according to
momentum conservation condition (phase matching) and used their energy and time resolution (about 125 eV
and a few hundreds of nanoseconds) to verify that a pair of photons which arrived within a short time window
is a PDC pair. We called one of the photons a trigger and the other one a heralded photon. Once we determined
that we measured a PDC pair, we knew that we had exactly one heralded photon, and by placing an object in its
path we could perform a single photon imaging. In the present experiment, we used this scheme and tried to go
one step further by using an area X-ray detector for two dimensional quantum imaging with single photons.

As in our previous work [1], we generated the PDC photon pairs with diamond single crystal in Laue
geometry. For phase matching we used the reciprocal lattice vector normal to the C(660) atomic planes. This
time, instead of the two SDDs we used the 2D Eiger detector. The distance between the camera and the diamond
crystal was in the range of 350 mm to 1000 mm (during different stages of the experiment) to allow the PDC
photons to covere the entire object but not too far (so that the flux would still be sufficient for a realistic
measurement time). We placed the object very close to the camera to get an absorption image (Figure 1).
Between the diamond and the object we inserted a vacuum tube and shielded the beam path with lead and
aluminum to reduce air absorption, scattering, and fluorescence.



The Eiger detector exhibits two main disadvantages with respect to the SDDs — it does not have energy
resolving capabilities and its shortest deadtime time window is 10 us. Therefore we developed a new procedure
to distinguish the PDC pairs from the background. The main idea was to exploit the 2D detector and the
difference between the spatial distributions of the two processes. While the background (mainly Compton
scattering) distributes nearly uniformly on the detector, the PDC pairs have a distribution that is determined by
the phase matching. Also, dependence of the Compton scattering and the PDC on the input flux is different.
Therefore the major effort was to find the input intensity for which the PDC pairs would be more pronounced
than the background at the angles of the phase matching within the a 10 ps time window.

We encountered an unexpected difficulty with finding the point of reference for the phase matching angles.
There was an effect of beam walk-off along the diamond crystal which smeared the Bragg peak and introduced
an uncertainty in its center on the camera. As a result, the uncertainties of the areas on the 2D detector where
we expected to find the PDC pairs were too large. The 10 us time window was not short enough, for the given
background flux, to determine if a pair of photons arrived simultaneously. This observation together with the
large uncertainties, the background dominated the preliminary results.

We tried to suppress the background by positioning a silicon wafer in a grazing incident angle after the
diamond crystal. The idea was to tune it in a way that the cut-off energy would be below the energy of the
Compton scattering. However since the Compton scattering is not collimated the wafer reflected the noise as
well. Moreover, the silicon wafer suffered from bending effects — it introduced artifacts very close to the region
where we expected to see the PDC pairs. After few attempts of optimizing the wafer, the background flux did
not change much, so we decided to remove it and to use the rest of the beamtime for data collection.

We decided to take the camera closer to the diamond and to attenuate the input flux. By shortening the
distance to the camera we reduced the air absorption, which is more significant for the PDC photons since their
energy is almost twice lower than the background. The reduction of the input flux by some factor reduces the
number of PDC pairs linearly with this factor, while the flux of the coincidental noise pairs reduces by a square
of that factor. Finally we added more lead and aluminum shielding and performed long data collection till the
end of the beamtime.

In the preliminary analysis we compared pairs that satisfied momentum conservation with pairs that did not,

however we could not observe pronounced differences in their distributions (Figure 2).
We are in the process of more thorough data analysis methods. We will process the entire data several times
with different parameters and look for the expected distribution. We will also use pixel binning and compare
results from different stages of the experiment. Moreover, we intend to set the center for momentum
conservation as a free parameter and try to overcome the uncertainty that we had during the experiment. In
addition, we will try to use the differences in the statistical behavior of PDC and the uniform random
background. Finally, we submitted new proposals for similar experiment but with 2D detectors that have much
higher energy and temporal resolutions. From these experiments we expect to collect more statistics about the
spatial distribution of the PDC pairs and it will allow us to better define the regions of momentum conservation
for the data from the current experiment.
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Figure 1 — Experimental setup Figure 2 — Typical result for a particular pair selection
rule — photon pairs distribution on the camera.
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