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Fundamental study on quantum CT

- Ultra-low exposure X-ray measurement using quantum entanglement -
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Abstract :

Good health constitutes a fundamental basis for leading a fulfilling life. X-ray-based body
measurements, including CT scans, are essential in modern medicine for the early detection and
accurate assessment of illnesses and injuries, enabling appropriate treatment. However, radiation
exposure from such procedures remains a notable risk to health. To address this issue,
technological innovations that reduce the number of measurements and improve sensitivity with
lower radiation doses are needed. Although Al-based image recognition is widely used, a nearly
unique effort is underway to utilize scattered radiation, a method largely overlooked even by
experts. At the same time, individual photon detection has gained significant attention among
specialists and is being explored by researchers with relevant expertise. In this study, we focus on
quantum measurements using quantum entanglement, which are extremely robust to noise and
capable of highly sensitive detection even under low-light conditions. Among these quantum
measurement techniques, quantum ghost imaging stands out as a key method, often described as a
way of “seeing the invisible,” such as clearly visualizing objects behind polished glass. Applying
this method is expected to enable high-sensitivity measurements with weak X-rays by reducing the
unavoidable effects of scattering inherent in X-ray measurement. In previous quantum ghost

imaging studies, the technique was mainly assumed to measure object shapes in difficult outdoor
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conditions, including the effects of fog. However, there have been few studies on applying quantum
ghost imaging to X-ray measurement, and effects such as Compton scattering, which are essential
in X-ray measurement, have not been considered. This study investigates the use of X-rays for
quantum ghost imaging and clarifies the impact of scattering during X-ray irradiation of an object.
This study also clarifies the difference in performance between quantum ghost imaging and
conventional X-ray measurement, and highlights the conditions under which quantum ghost imaging

is especially beneficial.
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