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A semiconductor laser is a ubiquitous device used throughout industry particularly
for optical communication and data storage. As the name suggests, a laser (Light
Amplification by Stimulated Emission of Radiation) emits and amplifies light by
stimulated emission with population inversion. In recent years, a new device, the
polariton laser has been suggested and demonstrated. A polariton laser emits
coherent light similar to a semiconductor laser but the mechanism of 1ight emission
is different. A polariton laser uses exciton—polariton condensation and emits
coherent light by leakage of photonic component of exciton—polaritons without
population inversion. Exciton—polaritons, composite particles made of excitons
and cavity photons, form a condensate via stimulated cooling at sufficiently low
temperatures. Its main attractive feature is that the polariton laser threshold
is lower than that of a semiconductor laser and the coherence properties of emitted
light is inherited from the exciton—polariton condensate

One of the open questions about the physical aspect of a polariton laser
is a high density state of exciton—polariton condensate. In low density regime,
an exciton—polariton behaves as a composite boson. On the other hand, in the high
density regime, exciton—polaritons overlap with each other and the fermionic

character of electrons and holes becomes apparent. The bosonic exciton—polariton



and fermionic electron—hole—-photon pictures are overlap continuously by changing
the carrier density. The crossover physics is an important subject not only for
applications but also for understanding fundamental physics

In this thesis, we create a high density state of exciton-polaritons of
this system, beyond that which is necessary to form a condensate and characterize
the crossover from exciton—polariton condensation to photon lasing by a time— and
spatial-resolved measurement. A high density state of exciton—polariton
condensate is photoexcited by a pulsed laser. The highest density reaches about
seven hundred times as high as that of the exciton—polariton condensation
threshold. By measuring the first-order coherence, above the second threshold,
we observed the plateaued spatial coherence indicating the single mode photon

lasing.
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1. Four copies of your thesis summary must be submitted in paper form.
Electronic data of the thesis summary must also be submitted: a PDF file is
mandatory, while submission of the original document file (MS Word or other) is
optional.

2. If you are obtaining your Doctorate degree by submitting a thesis (as a Ronpaku),
your thesis summary must be written in Japanese. (If you are obtaining your degree by
completing the course requirements of a Doctorate program, a thesis summary in English is
acceptable.)

The thesis summary is formatted with horizontal writing and single-sided print.

3. The thesis summary is to be printed on A4-size paper and digested into four pages or less
using approximately a 10 point type.
(The restriction is 4,000 characters for a Japanese summary and 2,000 words for an
English summary.)

4. In the upper part of the first page, the text “GR3CONEDEE" is typed and the title
of the thesis and the name of the applicant are typed on subsequent lines. The main
text of the thesis summary begins below the above heading section on the same page.



