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Abstract
In this study, we explore the generation of entangled photon pairs through the process of nonlinear Bragg
diffraction in the X-ray spectrum to perform X-ray spontaneous parametric down conversion (SPDC). SPDC
is traditionally achieved using birefringent nonlinear materials in the visible and near-infrared regime[1].
By orienting the medium (single crystal diamond) and the X-ray pump to initiate Bragg diffraction and then
slightly deviating from the ideal Bragg angle, we satisify phase matching condition as per the law of nonlinear
diffraction[2].

Our breakthrough at the NSLS-II’s CHX (11-ID) beamline involves the successful detection of X-ray SPDC
photon pairs at an unprecedented rate of approximately 6,100 pairs per hour, significantly surpassing the
previously known highest rate of 317 pairs per hour[3]. Not only do we showcase the strong energy anti-
correlation of these pairs[4], but we also introduce the first images of their spatial structure captured using
a pixelated area detector. Our research includes quantum correlation images of both binary and biological
subjects using this X-ray source, a discussion on the effect of crystal quality on the photon pairs, and an
exploration of potential applications, backed by simulations.

This advancement in the production and identification of correlated X-ray states heralds a range of promis-
ing applications. The relatively high efficiency of this source paves the way for quantum X-rays applications
using quantum/ghost imaging techniques. These include reducing radiation dosage while retaining image
quality, achieving lensless magnification and super-resolution imaging, and delving into fundamental quan-
tum physics within a previously lesser-explored part of the electromagnetic spectrum.
This project is supported through United States DOE-BER Bioimaging Science Program KP1607020, within
Biological Systems Science Division BSSD’s Biomolecular Characterization and Imaging Science portfolio.

Figure Captions
1. Experimental setup.
2. SPDC X-ray detection rate progress over time.
3. SPDC X-ray selection observables and spatial properties.
4. Experimental X-ray SPDC ring, imaging mask, and energy non-degeneracy mappings.
5. Classical and quantum correlations images of E. cardamomum seed.

References
1. Christ, A., et al., “Parametric down-conversion. In: Experimental Methods in the Physical Sciences.”vol.
45, pp. 351–410. Elsevier, Amsterdam (2013).
2. P. Eisenberger, S. L. McCall, “X-ray parametric conversion.”Physical Review Letters 26, 684 (1971).
3. D. Borodin, A. Schori, F. Zontone, S. Shwartz, “X-ray photon pairs with highly suppressed background.”
Physical Review A 94, 013843 (2016).
4. Goodrich, J. C., et al., “Imaging of X-ray Pairs in a Spontaneous Parametric Down-Conversion Process.”
arXiv preprint arXiv:2310.13078 (2023).

I plan to submit also conference proceedings
No



Primary author: GOODRICH, Justin (National Synchrotron Light Source II, Brookhaven National Laboratory,
Upton, NY 11973, USA.)

Co-authors: Dr FLUERASU, Andrei (National Synchrotron Light Source II, Brookhaven National Labora-
tory, Upton, NY 11973, USA.); NOMEROTSKI, Andrei (Department of Physics and Astronomy, Stony Brook
University, Stony Brook, NY 11790, USA.); Prof. DAVIÀ, Cinzia (Department of Physics and Astronomy, Stony
Brook University, Stony Brook, NY 11790, USA.); Mr HANRAHAN, Joseph (National Synchrotron Light Source
II, Brookhaven National Laboratory, Upton, NY 11973, USA.); Dr BERMAN, Lonny (National Synchrotron Light
Source II, Brookhaven National Laboratory, Upton, NY 11973, USA.); Ms DZIUBELSKI, Monika (Physics Depart-
ment, Brookhaven National Laboratory, Upton, NY 11973, USA.); Dr ABRAHAO, Raphael A. (Physics Department,
Brookhaven National Laboratory, Upton, NY 11973, USA.); MrMAHON, Ryan (National Synchrotron Light Source
II, Brookhaven National Laboratory, Upton, NY 11973, USA.); Dr KARMAKAR, Sanjit (Department of Physics and
Astronomy, Stony Brook University, Stony Brook, NY 11790, USA.); Dr MCSWEENEY, Sean (National Synchrotron
Light Source II, Brookhaven National Laboratory, Upton, NY 11973, USA.)

Presenter: GOODRICH, Justin (National Synchrotron Light Source II, Brookhaven National Laboratory, Upton,
NY 11973, USA.)

Session Classification: Mikrosymposium 7/3: Imaging and Cohrerence Applications

Track Classification: 7. Imaging and coherence applications


