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Thesis Summary (approx.800 English Words )

Centuries after ancient Greek philosophers pondexest the conceptual idea of atom
explain the universe, the concept of atom revivedFrance to establish stoichiomet
Nowadays, atoms and molecules are no longer cameipieas but their existence is a sq
fact. Real atoms and molecules drive scientistoliserve and to control behavior
individual atoms and molecules. Observation of pkaattivity of a single quantum system
condensed media, so-called single-molecule spetpys has initiated in 1989. Today, t
single-molecule spectroscopy has enormous signifigain the context of quantu
information technologies, where the observation #re control of a quantum system 4
inseparable from each other.

This thesis describes the single-ion spectroscéRace-Earth (RE) ion doped in cryst
When cooled down to a few kelvins, the nuclear $mnsition of RE ions doped in a crys
is known to be detected using its optical transitieE ions have forbidden optical transitid
between two #electronic configurations with a long radiatiofetime reaching to 10{Qs.
The hyperfine splitting about 10 MHz due to the Ieac spin appears on the spectral ling
the ions, whose linewidth narrows down to 10 kHz®fifetime-limited width at a few K.

Aiming at the optical detection and manipulationaotingle RE nuclear spin quantt
state, the author has consulted on the low-temperapectroscopy of single praseodymi
ions doped in a lanthanum trifluoride crystal’{RraFs).

Spectroscopy of a single ¥rrequires the sensitivity enough to detect the w
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luminescence due to the long radiation lifetime &mel frequency resolution close to the

narrow spectral linewidth of the ion. Thus, thehautneeded to build the cryogenic confo
microscope dedicated to carry out the single-iomcspscopy of Pf:LaFs. A high

performance objective for the cryogenic microsceag newly developed with the numeric

aperture of 0.97 and the detection efficiency eftbnfocal setup was as large as 0.48%.
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excitation lightsource consists of a commercialtcmous-wave diode laser and an opti

al

Fabry-Perot cavity as the stable laser frequentgreece. The laser linewidth was made
narrower than 0.4 MHz and the long-time stabilitiy tke output frequency was +0.018

MHz/day.

Photo-luminescence excitation measurement of iddali PF* ions was demonstrated

with a bulk crystal of 0.05% Pkrdoped Lak cooled down at 1.5 K. Spectral lines of thi




— 3P, transition of individual Pf ions were resolved as luminescence peaks withsittes
of 20-30 cps and the full-width at half-maximum agproximately 3 MHz at an excitation
intensity of 80 W crif. The population transfer of a single Pr nuclean syas demonstrated
via the optical pumping process of the ion.

This study is the first success of the single-REcsscopy with a bulk crystal sample
which contains multiple RE ions in the microscopatume. It benefits future implementation
of multi-qubit operations based on the ion-ion iattion to address the individual ions close
in the sub-micrometer distance by the inhomogenedistriibution of their transition
frequency. In application to nuclear spin qubitpiggumanipulation is conducted under the
magnetic field to use Zeeman sub-levels. BecauseZtteman effect is anisotropic, the
orientation of the magnetic field must be accuyateintrolled with respect to the host crystal.
The experiment using the bulk crystal sample pavesvay for the optical access to a single
ion under the Zeeman field. The author believes #iudy established the first step|to
utilizing the RE-doped crystal as the solid-statargum-information processor.

This thesis is organized into five chapters. Chaptmtroduces the significance and also
the difficulty of the spectroscopy of single RE sodoped in a crystal. Chapter 2 covers
physical and chemical properties of the sample nat®r*:LaF; and the spectroscopijc
method to resolve individual Prions abundantly contained in the bulk crystal semp
Chapter 3 describes the development of the homd-bryiogenic confocal setup to carry qut
the single-ion spectroscopy. Chapter 4 includes rimults of the photo-luminescence
excitation spectroscopy of PrLar; at 1.5 K and the discussion about the succeskedf t
single-PF* detection and origins of observed spectral widthsndividual ions. Chapter 5
summarizes the entire study and declares the dutddagquantum information processing
using a RE-doped bulk crystal.
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