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Report: Proposal Ref. No 39091
In this report we describe the main results of the experiment on parametric down-conversion of x-rays into
visible wavelengths performed at beamline ID-20.

Problems/issues:
- We could not measure coincidence between the x-ray and the visible signals since we measured a delay
of about 800 nsec between the APD and the visible detector. This delay is larger than the maximal delay
compensation of the coincidence measurments.

Introduction:
The objective of this 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. Since this type of non-linear x-ray-visible process is dependent on
the location of the valence electrons, it can be further developed into new atomic scale resolution techniques for
the study of chemical bonds and of microscopic
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The experimental setup is shown in Fig. 1. The o

nonlinear media was a high quality diamond crystal (
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Fig. 1: experimental setup
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beamline controllers and detectors data were recorded using the SPEC software. The control of the coincidence
electronics was implemeted using MATLAB programs, which we developed for this experiment. SMA cables
suitable for fast pulses were used. New visible bandpass filters were used to attenuate the fluorescence at visible
wavelengths by 6 orders of magnitude. The visible optics box was mounted on an additional 20 arm.

Exeprimental procedure:

We used a beam at 9 keV at the Bragg angle of the diamond crystal. We reduced the optical background by
blocking light sources inside the experimental hutch. We measured the background noise of the x-ray and
optical detectors. We moved the crystal and the two detectors to the phase matching positions. We used the
analyzer and slits to suppress the Compton background and the tail of the elastic at the x-ray detector. We
measured the PDC signal at different reflections and idler energies by scanning the angle of the crystal and the
energy of the analyzer. We measured the visible fluorsecence spectrum by using different color filters.

Summary of results:
The rocking curves of the x-ray signal of the PDC are shown in Fig. 2. Fig. 2a-2c show the count rate as a
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expected by the theory.

The results of the PDC analyzer scan measurements of the x-ray signal are shown in Fig. 3. Fig. 3a shows the
count rate as a function of the analyzer energy for an idler energy at 1.916 eV and for the (400) atomic planes.
Fig. 3b shows the count rate as a function of the analyzer energy for an idler at 2.066 eV and for the (220)
atomic planes. The wide peaks in Fig. 3a and 3b are the PDC signals.

In conclusion, we have measured the x-ray signal of the PDC with sub-eV seperation from the elastic for
the the first time. High levels of fluorescence prevented the direct measurement of the visible photons. Due to
the large delay between of the x-ray APD ACE
electronics it was not possible to measure the effect
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Fig 3: Analyzer scans of: (a) (400) reflection, 647 nm idler.
(b) (220) transmission, 600 nm idler.



