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Quantum Entangled X-ray Beams via HOM

Content
Photons play key roles in many aspects ofQuantum Information Science (QIS), especially as entangled pairs.
The Hong-Ou-Mandel (HOM) effect is the most famous example, where pairs of indistinguishable photons
are combined into maximally entangled N00N states with N=2 (biphotons). Although x-ray synchrotrons
are now among the brightest sources of photons in existence, efforts to apply quantum optics to x-rays have
been quite limited. This project brings quantum optics to x-ray synchrotrons by using HOM interference to
generate pairs of entangled x-rays. Preliminary results from recent beam time at the APS-U x-ray synchrotron
(Argonne) show the defining property of HOM for a pair of indistinguishable photons entering the two input
ports of a beam splitter: instead of one photon exiting from each of the two exit ports, some of these pairs
bunch together into one or the other exit port. Quantum mechanics forbids such photons from the classically
allowed choice of exiting on separate paths. Boson statistics requires them to bunch together. The result is an
entangled two-photon state.

Reproducing the HOM effect with a synchrotron source requires first splitting the beam so that the two
beams can be recombined at a second (HOM) beamsplitter. This required the development of a Bragg x-ray
Mach-Zehnder interferometer. To maintain the enhanced brightness of the APS-U it was essential to preserve
brightness throughout, so we developed a new silicon Bragg beam splitter to minimize losses. Furthermore, a
synchrotron HOM measurement needs to record and analyze the exit photons from each synchrotron pulse,
which in the APS-U brightness mode has a rate of 13 MHz. For this we developed a novel scheme involving
two APD detectors and an FPGA-based signal analysis system.

Data from over 108 individual measurements using 8 keV x-rays at the APS-U synchrotron (Argonne) were
recorded as the HOM beamsplitter was translated through the intersection point where the incident photons
can be indistinguishable. The rate of coincident pairs (1-1) dropped while the rate of two photons together
(2-0 and 0-2) increased by a similar amount. The difference shown corresponds to well over 104 entangled
x-ray pairs per second. Further experimental improvements and beamline optimization should increase this
rate substantially over these preliminary results.

Author: DURBIN, Stephen (Purdue University)

Co-author: POWERS, Liam (Purdue University)

Presenter: DURBIN, Stephen (Purdue University)

Submitted by DURBIN, Stephen <durbin@purdue.edu> on Wednesday 24 September 2025


