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Abstract: We report on the dynamical coupling between Rabi oscillation and coherent phonon in
CuCl semiconductor microcavities, which induces the time-dependent frequency-shift of the
coherent phonon mode driven by Rabi oscillation.
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1. Introduction
The study on the dynamical coupling between two oscillations is one of the interesting subjects in ultrafast
phenomena [1-4]. When two oscillations at two discrete states coupled to each other are resonant in frequency, it is
well known that coupled modes appear, which show an anti-crossing behavior. Quantum beats observed by timedomain spectroscopy originate from quantum interference between two excited states. When the quantum beats are
coupled to coherent phonons, the coherent phonons are remarkably enhanced and the coupled modes are observed
[3,4]. Since Rabi oscillations observed in semiconductor microcavities also originate from quantum interference
between two polariton states, it is expected that the Rabi oscillations will be coupled to coherent phonons through
the polarization interaction between the coherent phonon and the excitonic components of polaritons. In this study,
we have investigated the coupling dynamics between the Rabi oscillations and coherent phonons in the CuCl
semiconductor microcavity.
2. Experiment
The sample used was CuCl semiconductor microcavities with distributed Bragg reflectors (DBRs) consisting of
PbCl2/AlF3 multilayers on Al2O3 substrates, as shown in Fig. 1(a) [5]. In a fabricated CuCl microcavity, a cavity
layer with the thickness of a cavity length (Lcav = λ) consists of a CuCl active layer with the thickness of Lact = λ/8
sandwiched by AlF3 spacer layers. Here, λ is given by λex/nb, λex is the resonant wavelength of the Z3 exciton of
CuCl in vacuum (λex = 387 nm), and nb is the background refractive index. The transmittance spectra of the CuCl
microcavity observed at various incident angles of white light are shown in Fig. 1(b). Three peaks which change
with the incident angle show the cavity polariton modes, which are called the lower polariton branch (LPB), the
middle polariton branch (MPB) and the upper polariton branch (UPB) in energy order. The peak energies of the
cavity polariton modes are plotted as a function of incident angles shown in Fig. 1(c). Three solid curves are the
dispersion relationships of the cavity polariton fitted to the experimental results. We focused on the Rabi oscillation
between the MPB and LPB, because the energy deference between the MPB and LPB can be controlled over the
longitudinal optical (LO) phonon energy of CuCl, ΕLO = 26 meV (νLO=6.3 THz) by changing the incident angle of
pump pulses in a pump-probe technique. Time-domain signals were measured at 10 K by a transmission-type

Fig. 1. (a) Schematic of the CuCl microcavity structure. (b) Transmission spectra of the CuCl microcavity for various incident angles at 10 K.
The dashed vertical lines denote the energies of the Z3 and Z1,2 excitons: EZ(3) = 3.202 and EZ(1,2) = 3.268 eV, respectively. The dotted blue curve
is the laser pulse spectrum. (c) Incident-angle dependence of the peak energies of the cavity polariton modes in the CuCl microcavity (open
circles) and dispersion relationship of the cavity polaritons. The estimated Rabi splitting energies for Z3 and Z1,2 excitons are ER3=26 meV and
ER12=34 meV, respectively. The dashed curve indicates the dispersion relationship of the cavity photon.

07.Mon.C.4.pdf

x1

3

x20

2

x300

1

x20

0
0.0

0.5

LO
15 degree

15 degree

x5

13 degree

x100

11 degree

x1500

1.0

2
0.5

1

9 degree

1.0

1.5

3

x100

1.5

Time Delay (ps)

2.0

2.5

WT Intensity

-3

10 ΔT/T0

4

4

x5

-11

x1

17 degree

10

(b)

5

Time Delay (ps)

(a)

Ultrafast Phenomena 2014 © 2014 OSA

0

5.0

5.5

6.0

6.5

7.0

7.5

8.0

Frequency (THz)

Fig. 2. (a) Time-resolved transmission changes of the CuCl microcavity obtained at various incident angles of pump pulses. (b) Image
plots of wavelet transformation (WT) of the coupled oscillation extracted from time domain signals observed at the incident angle of 15
degree. The vertical dotted line indicates the LO phonon frequency of CuCl.

electro-optic (EO) sampling method with second harmonic pulses of a mode-locked Ti:sapphire pulse laser
delivering about 90-fs pulse. The center energy of the laser pulses was tuned to 3.207 eV, which was the central
energy between the LPB and MPB modes, shown in Fig. 1(b).
3. Experimental Results and Discussion
The time-resolved transmission changes of the CuCl microcavity observed at the various incident angle of pump
pulses are shown in Fig. 2(a). The two oscillatory components, which show the strong oscillation with the fast decay
time and the weak oscillation with the long decay time, are observed. The short-lived strong oscillation results from
the Rabi oscillation between the MPB and LPB, because the period of the strong oscillation changes with the
incident angle. On the other hand, the long-lived weak oscillation is related to the coherent LO phonon of CuCl
driven by Rabi oscillation, because the frequency of the weak oscillation mode observed in the time-partitioning
Fourier transformed spectra after 1 ps is located at about 6.3 THz and the amplitude of the weak oscillation is
strengthened with increasing the amplitude of Rabi oscillation.
Now, we consider the coupling between Rabi oscillations and coherent phonons. When we assume that the pump
pulse excites only the Rabi oscillation and the coherent phonon is generated by the Rabi oscillation under the weak
coupling condition, the oscillation f(t) generated by coupling between two oscillations is given by f(t)=fRO(t)+fC(t),
where fRO(t) and fC(t) indicate the Rabi oscillation driven by pump pulses and the coupled oscillation between the
Rabi oscillation and coherent phonon, respectively. Then, to reveal the time evolution of the coupled oscillation, we
numerically subtracted the Rabi oscillation signals from the observed time-domain signals, and performed the
wavelet transformation of the subtracted time-domain signals. The image plots of wavelet transformation (WT) for
the pump-pulse incident angle of 15° are shown in Fig. 2(b). It is clear that the frequency of the coupled oscillation
mode is shifted to the phonon frequency with increasing the time delay. This result demonstrates that the coupled
oscillation mode exists as a coupling state between coherent phonon and Rabi oscillation before Rabi oscillation is
relaxed, and the coherent phonon component of the coupled oscillation mode remains after the relaxation of Rabi
oscillation.
4. Summary
We have investigated the coupling dynamics between the Rabi oscillation and the coherent LO phonon in the CuCl
semiconductor microcavity. The time-domain signals demonstrate that the coupled oscillation generated by coupling
between the coherent phonon and Rabi oscillation shows the time-dependent frequency shift.
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