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Time-resolved coherent polarimetry using polarization vortices
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We have developed a novel type of coherent spectroscopy (time-resolved
polarimetry using nonlinear laser spectroscopy known as degenerate four-wave-mixing) using
polarization vortices characterized by a vector singularity on the beam cross-section, and performed

the spectroscopy on semiconductor GaN excitons (electron-hole pairs). We successfully obtained the
results concerned as follows: (a) quantitative snap-shot evaluations of exciton spin exchange and
uniaxial strain energies; especially for small residual anisotropies in isotropic samples; (b)
coherent dynamics of the polarization singularities resulting from broken rotational symmetries of
excitons, (c) spin and pseudo-spin dynamics and their correlations resulting from excitons

interactions.



[1.2]

[3.4]

(1]

/

CCD Charge -

Coupled Device

W %

E#R)RL  BFELH

AR

360

Four — Wave - Mixing:

FWM FWM
FWM
FWM
GaN
GaN ( )
4.(1) GaN
4.(2)
4.(3)
FWM
()
(a FWM
[5]
GaN
FWM
2
(b)



% =
©n =
~ —
it
[oe)
o0
% e
%G
172]
“nNa A Sl o
&} < —
I3 o n
172}
Z &
&) <
Z I
mw o)
N
A 0 “
o
— —
N—r
7 3
&) g
S
m ~~
o S L
IT_
A
—_ S
Q
N
I
<
S
1 \p!v/ ~~ H
N
—
S
_ =
= g
N
SN
m . vy _
O
N
A —~
X N—r



[1] T. Ishiguro, et al., Appl. Phys. Lett. 90, 011904
(2007).

[2]Y. Toda, et al., Phys. Rev. B. 90, 094513 (2014).

[3] M. Suzuki, et al., Opt. Express, 22, 16903 (2014).

[4] Y. Tokizane, et al., Opt. Express 17, 2419824207
(2009).

[5] K. Shigematsu, et al., Appl. Phys. Express, 9,
122401 (2016).

5
K. Shigematsu, M. Suzuki, K. Yamane,
R. Morita, Y. Toda, “Snap-shot optical
polarization spectroscopy using radially
polarized pulses”, Appl. Phys. Express 9,
122401/1-4  (2016), , DOI
10.7567/APEX.9.122401

M. Suzuki, K. Yamane, K. Oka, Y. Toda,
R. Morita, “Analysis of the
Pancharatnam-Berry phase of vector
vortex states using the Hamiltonian based
on the Maxwell-Schredinger equation”,
Phys. Rev. A 94, 043851/1-7 (2016), ,
DOI: 10.1103/PhysRevA.94.043851

K. Shigematsu, Y. Toda, K. Yamane,
and R. Morita, “Coherent dynamics of
exciton orbital angular momentum
transferred by optical vortex pulses”, Phys.
Rev. B 93, 045205/1-8 (2016), , DOI:
10.1103/PhysRevB.93.045205

M. Suzuki, K. Yamane, K. Oka, Y. Toda,
R. Morita, “Extended Stokes Parameters
for Cylindrically-Polarized Beams”, Opt.
Rev. 22, 179-183 (2015), , DOI
10.1007/s10043-015-0023-7

M. Suzuki, K. Yamane, K. Oka, Y. Toda,
R. Morita, “Full Quantitative Analysis of
Arbitrary Cylindrically Polarized Pulses
by Using Extended Stokes Parameters”,
Sci. Rep. 5, 17797/1-9 (2015), ,
DOI 10.1038/srepl17797

13
Y. Toda, (Invited) "Coherent
spectroscopy using topological lightwaves",
International Workshop on Quantum and
Nanoscale Photonics, March 30-30 (2017),
Hokkaido University (Sapporo).

’

2017 3 8 9 (2017).
12
8- 10 (2016).
GaN
2016

, 9

13- 16 (2016).
151 , 7 28
- 28 (2016).

K. Shigematsu, K. Yamane, R. Morita,
and Y. Toda, “Rotational Symmetry
Breaking in Coherent Dynamics of GaN
Excitons Excited by Radially Polarized
Pulses”, Conference on Lasers and
Electro-Optics (CLE0O2016), June 5 - 10
(2016), San Jose Convention Center (USA).

K. Shigematsu, M. Suzuki, K. Yamane,
R. Morita, and Y. Toda, “Single-Shot
Measurements of Anisotropic Excitons via
Four-Wave Mixing Spectroscopy with
Radially  Polarized Pulses”, Optical
manipulation and its satellite topics
(OMC'16), April 17 - 20 (2016), Pacifico
Yokohama (Kanagawa), Japan.

,2016 3 19--22

” 63

,2016 3 1922

Y. Toda, and K. Shigematsu (Invited)
"Coherent dynamics of excitons excited by



singular optical pulses", Japan, Vietnam,
Bulgaria and Taiwan Joint Workshop, July
18-20 (2015), National Chiao Tung
University, Hsinchu City, Taiwan.

K. Shigematsu, S. Morimoto, M. Suzuki,
K. Yamane, R. Morita, and Y. Toda,
“Coherent  Dynamics of  Uniaxially
-Strained GaN Excitons Excited by
Cylindrically Polarized Pulses”, Conference
on Lasers and Electro-Optics/Europe and
the European Quantum Electronics
Conference, dJune 21 - 25 (2015),
International Congress Centre, Munich,
Germany.

K. Shigematsu, T. Nishizaka, H. Yuri, K.
Yamane, R. Morita, Y. Awaji, and Y. Toda,
“Optical feedback control of orbital angular
momentum in a vertical-cavity
surface-emitting laser using spatial phase
modulation”, Optical manipulation and its
satellite topics (OMC'15), April 22 - 24
(2015), Pacifico Yokohama (Kanagawa),
Japan.

, “Orbital Angular
Momentum Spectral Dynamics of GaN
Excitons Excited by Optical Vortices”,
76 , 2015
09 13--16

http://ww._eng.hokudai .ac. jp/labo/optph
ys/exp/Research_html

o
TODA YASUNORI
00313106



