X-ray Parametric Down Conversion at the SACLA XFEL
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Spontaneous Parametric Down Conversion (SPDC) is a nonlinear, quantum optical process
in which a single photon elastically produces a pair of lower-energy photons, generally
termed the ‘signal’ and ‘idler’. These pairs serve as a convenient source of correlated
optical photons, offering the ability to prepare distinctly quantum mechanical states of
radiation. Entangled photon pairs, for instance, can showcase various quantum
phenomena, including violating the Bell Inequalities.

Using the SACLA X-ray free electron laser in Japan at 9.83 keV, we found clear evidence
that pairs of photons were produced along the energy-angle relationship that conserved
both energy and momentum, as predicted for down-conversion, and consistent with
quantum entanglement of X-ray photons. By matching specific photon pairs for energy and
momentum conservation, we observe a signal rate of 1250 pairs per hour, confirming that
correlated photon pairs can be generated and observed in the absence of explicit time
correlations. Our results show that with further refinement, the number of entangled
photons produced per laser pulse could increase by an order of magnitude.
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