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Cathodoluminescence (CL) method, which utilizes a high—energy electron beam as an excitation probe
of light, has been used for material and structural analysis as an optical measurement technique
with nanometer—scale spatial resolution. Recent studies have revealed that the correlation function
obtained from Hanbury Brown-Twiss (HBT) measurements of CL exhibits a photon bunching, indicating
that the photon statistics of CL follow a super—Poisson distribution

In this study, I formulated the correlation function obtained from the CL-HBT method using a semi-
classical model and established a method to extract the inherent correlation factor, which reflects
the photon statistics of the photon state excited by a single electron. The inherent correlation
factor was experimentally obtained, and I discussed the photon statistics for CL with various
excitation processes. First, for coherent CL, where photons are directly excited by electrons, it
was confirmed the photon statistics follow a Poisson distribution, which is consistent with
theoretical predictions. In contrast, for incoherent CL involving intermediate excitation processes,
the inherent correlation factor itself exhibited bunching. This bunching effect was reproduced by
considering a multi—step excitation model. This achievement provides a comprehensive interpretation
of the photon bunching mechanism in CL

I also explored an electron—photon (e—p) correlation measurement technique that enables the
temporal correlation between transmitted electrons and emitted photons. By introducing a scintillator
and a single photon detector for electron detection, sub—nanosecond time resolution is achieved
which is approximately ten times shorter than that of conventional methods. By formulating the e—p
correlation function, the lifetime of sample can be derived from the correlation curve independently
of the scintillator’s lifetime. Using this technique, the lifetime of nanodiamond particles is
successfully measured and visualized. Furthermore, based on the analytical formulation, I established
a method to extract a coefficient representing the photon number correlation between the sample and
the scintillator. Using a periodic silver nanohole structure as a sample, it is experimentally
confirmed that this coefficient varies depending on the momentum selection of electrons and photons.
This achievement suggests that this method enables the quantitative evaluation of pair correlations
between particles that conserve momentum through interaction processes, representing a concrete step

toward the realization of quantum correlation microscopy between electrons and photons.
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