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In this report we describe the main results of the experiment on Parametric
Down-Conversion of x-rays into ultraviolet, performed at the ID-20 ESRF

beamline.

Introduction:

The objective of this beamtime proposal was to demonstrate the effect of
parametric down-conversion (PDC) of x-rays into ultraviolet in metals. During
the process of PDC the input photon (pump) interacts with the vacuum field
within nonlinear crystal to generate to correlated photons so the energy and
momentum are conserved (phase-matching conditions). The two outcome

photons are called signal and idler.



The calculations of Lindhard functions show resonant behavior of linear
susceptibility near the Fermi energy. Since the efficiency of the PDC process is
defined by second order nonlinear susceptibility at signal frequency which, in
turn, depends on linear susceptibility at idler and pump frequency, we expected
the same resonant behavior of PDC when the idler energy is in the vicinity of

the Fermi energy.
Methods:

All beamline motors were controlled using SPEC software. The scattered
photons are collected by a 2D detector with properly chosen region-of-interest

(ROI).

The experimental setup is shown in Fig. 1. The 2D detector and the
crystal are positioned in accord with the phase-matching conditions. The
receiving optics includes a slit to limit the acceptance angle to choose a specific
scattering direction. After the slit, the analyzer is used to select the specific
energy that we are interested in (signal energy). We also chose a region of

interest (ROI) for the image on the camera.

2D detector

Input beam




Fig. 1 Schematics of the setup and phase-matching diagram. k represents

wave vector, the indices p, s, and i stand for pump, signal, and idler

respectively. G represents the reciprocal lattice vector.

Summary of results:

We started with an aluminum crystal where we used the (111) reflection
for the phase matching. The full width at the half maximum (FWHM) of the
Bragg rocking curve was about 0.14 deg. We did not find any evidence of PDC.
Only later we realize that the reason we did not see any PDC was the
malfunction of the analyzer motor — it was moving in the opposite direction, i.e.
towards higher energies. However, at the moment we thought that it is
impossible to observe the effect with the current setup. After inspecting the
aluminum crystal visually we found symptoms of radiation damage so we
decided to change the sample to another aluminum crystal and did not find any
evidences of PDC presence and we decided to switch the sample to diamond
crystal in which for sure we saw PDC. Important to note, that later during the
experiment when the analyzer problem had been solved we returned to the
aluminum crystal and we did measure PDC signal. However, due to the lack of
time we had left and the fact that the signal was very weak, we decided to stick

with the diamond crystal.

We decided to investigate the band structure of diamond using PDC. Fig.
2 shows an example of a signal rocking curve. The peak at about -0.02 deg
corresponds to the elastic peak and the broad peak around 0.04 deg corresponds
to the PDC signal. The shift from the exact phase matching (naught in the
graph) is explained by dynamical theory (coupled wave equations) and we also

see 1t in our simulations.
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Fig.2 Example of a PDC rocking curve. Naught represents the exact
phase-matching conditions. In this measurement the reflection was (111),

the idler energy was 6 ¢V, and the offset from the Bragg angle 25 mdeg.

Next we perform the rocking curve measurement for different idler
energies. The results of such series of measurement can be represented as a map
shown on Fig. 3. We can see that the signal has a very pronounced increase
around idler energy 6 eV. This might be an indication of the optical response

near the bandgap of the diamond crystal (5.5 eV).
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Fig. 3 Map of rocking curves versus idler energy. We clearly can see the
elastic peak at -0.02 deg that gets stronger towards lower idler energies,
1.e. closer to pump energy. We see that the signal undergoes a rise in the

area of 6 eV. Color bar indicates the count rate.

We repeated such spectral measurement as described above for (111) and

(220) planes of diamond.

Conclusions & future:

In the current experiment we performed spectral PDC measurement in
diamond. We observed a strong energy dependence of the efficiency of the PDC
signal near the bandgap of diamond. We note that the results are highly
depended on the choice of the ROI and that we currently analyze data.

These results will contribute to the development of an atomic scale

resolution nonlinear spectroscopy technique based upon the effect of PDC.



