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In this report we describe the main results of the experiment on Parametric Down-Conversion
of X-Rays into Visible Wavelengths performed at beam-line ID-20 of the ESRF.

Problems/issues:

- The fast coincidence card, which is essential for the performance of coincidence
measurments at time resolution of ps scale, had a damaged channel. The alternative
plan using a digitizer for the coincidence measurments presented time reslution on the
ns scale was not adequate.

- The positioning of the visible lens was limited due to other equipment in the hatch.

- It was not possible to use the (311) diffraction order of the analyzer crystal in the
experimental hatch. This limiation reduced the measured signal.

- High count rates of fluorescence at visible wavelengths were measured.

Introduction:

The objective of this beam-time proposal was to demonstrate for the first time the
phenomenon of parametric down conversion (PDC) of X-rays into visible light. In this
process, a pump beam at x-ray wavelengths interacts with the vacuum field in a crystal to
generate correlated x-ray and visible photons. This process can be viewed as a nonlinear
scattering process where the pump beam together with the two generated beams satisfies
energy conservation and momentum conservation.



Methods: All beamline controllers and detectors data were recorded using the SPEC software.
The control of the Linear stage and coincidence electronics were implemeted using
MATLAB programs, which we developed for this experiment. SMA cables suitable for fast
pulses were used.

Mechanical adjustments for Mounting the Linear stage and the diamond holder were
performed by the ESRF staff at the beamline.

The experimental system is shown is Fig. 1, where the incident optics scheme is shown in
Fig. 1.a and the detection scheme is shown in Fig. 1.b.
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Figure 1 —The experimental setup

Figure 1.a — Incident optics scheme, Figure 1.b — X-ray signal detection scheme

Summary of results:
Due to a damaged channel in the fast coincidence card, it was not possible to observe the
effect.




The Rocking Curve of the diamond crystal ( (220) orientation, 4x4x1.5mm dimensions) was
obtained by the ESRF beamline staff. Fig. 2.a (Left side) rocking curve of the crystal where
the full width at half maximum is 17 prad.

x 10° 2.a Diamond (220) Rocking curve x10° 2.b Fluorescence from a (220) diamond crystal
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Figure 2.a —Diamond (220) Rocking curve

Figure 2.b —Diamond (220) Fluorescence

We attempted to measure the parametric down-conversion effect by scanning over the 0, 20,
analyzer energy, and the position of the visible detector.

Measurements were performed at a detuning energy matching the idler (visible) wavelengths
at 550 and at 650 nm (2.25 eV and 2.066 eV respectivelly) and at the maximal detuning angle
from Bragg where PDC phase matching conditions are still valid to allow for optimal signal-
to-noise ratio.

The results of the measurement of the relative visible fluorescence as a function of the
wavelength are shown in Fig. 2b (right side). The conclusion is that the fluorescence count
rates decrease at longer wavelengths. Therefore, we will measure the effect at wavelenghts
which are longer than 550 nm.

Further characterizations of the visivle fluorescence was not possible because of the high
fluouresence count rates and the damaged coincidence card.

Future &perspective:

We intend to repeat this experiment with an improved configuration of the
experimental hatch. The whole experiment will be performed in the horizontal plane. The
incident power will be monitored by a gas detector allowing the calculation of the overall
efficiency of the process. To achieve a better rejection of the elastic scattering we will use a 5
bounce Si(220) analyzer crystal analyzer. This will also allow the use of a lower order
Si(311) or Si(331) incident monochromator, which should increase the count rate of the
signal.

An additional 20 arm of EH1 hutch will allow precise positioning of the visible
detector by using the SPEC software. This includes the anguler control of the detector instead
of the linear control in this experiment, as well as increased positoning resolution. We will



use low-pass filters and additional band pass filters to attenuate the fluorescence at visible
wavelengthsby 6 orders of magnitude, while transmitting more than 90% at the filter
wavelengths.

The fast coincidecne card, which arrived damaged to the beamline, will present time
resolution of about 30 ps, which will improve the experimental signal-to-noise ratio. A sync
signal of the synchrotron pulse will also be used to determine the delay between the 2
detectors and achieve absolute time measurements.



