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Ultrafast Spectroscopy Group
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Leader
Dr. Masahiro KITAJIMA
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| Mission and Outline
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Femtosecond optical pulses excites in-phase lattice vibrations (coherent phonons) in solids. The dynamic processes
of their generation and relaxation are affected by many factors; phonon symmetry, electronic band structure of
the solid, photoexcitation density, surface condition, etc. We are investigating the ultrafast dynamics of photo-
excitation processes in solids, in which electrons and phonons are inextricably linked to each other, by observing
the coherent phonons by means of time-resolved optical measurements. Recently, we have started a study on the

localized plasmon dynamics for metal nanoparticle structures.
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Time-scale of our research targets
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Time-scales for various "ultrafast” phenomena. Electrons and phonons in solids are created, interact each other,
and are anihilated within femto- to picoseconds. This is such an ultrashort time that even the light travels less than

several centimeters within it.
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“Coherent” vs “Incoherent” phonons

BROBECIREGKZERTDEFEBICERBLTVLEI O
COEIRESTEREDDMENS VI LT (A). ERPHEES
EORBERZRAETDIED TEX B, TIT/INIVAREH
B (BED—B)[CKD. FFEHTRED R OfeT 1/ U =RIRL
(B). ZOREERZHALE I, DEUICEDORBKRETE. 8
BIVZAADFES Y VBRE(C)ZNLC Je—bUh -T5/
VERET B IDREIZERELET,

Atoms in solids are ever oscillating at finite temperature. This
thermal vibration is in equilibrium and random in phase (A), so
that its time-evolution such as creation and anihilation cannot be
monitored. An impulsive force (a hit with a hammer) can generate
non-equilibrium, in-phase (coherent) phonons (B). In our laboratory,
ultrashort laser pulses work as the "hammer" exciting coherent
phonons in solids via stimuated Raman process (C).
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Electron-Coherent phonon Interaction
in Semiconductors and Semimetals
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Coherent optical phonons of bismuth(A) exhibits interesting
phenomena such as strong mode couplings, Fano interference, and
amplitude recurrence (work collaborated with Russian Institute of
Solid State Physics). Similar phenomenon is observed for Si (B),and
is explained by the interaction between coherent phonons and
photo-excited electrons, the latter of which relaxes typically in sub-
picosecond time scale ( work collaborated with Univ. Pittsburgh).
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Coherent Optical Phonons in Insulators
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Our laboratory detects coherent phonons as reflectivity change (left),
which is a standard technique for semiconductors and metals. With
a highly-stable sub-10fs laser output and fast scan technique, we can
also time-resolve 40 THz C-C stretching in insulator diamond at 40
THz (right). This work is in collaboration with Univ. Pittsburgh.(paper
submitted)
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Experimental Instruments

T LNINIVALV—T—ERY T -TO—THEZR
Femtosecond pulsed lasers and optical components for pump-probe measurements
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Ti:sapphire laser, regenerative amplifier and optical parametric amplifier (left), and optical components for pump-probe measureuemts.
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Schematic illustration of pump-probe reflectivity measurement setup with a
femtosecond pulsed laser as a light source.
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