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Macroscopic quantum theory of quantum condensation in nonequilibrium composite
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The purpose of this study is to construct a macroscopic quantum theory for
nonequi librium composite systems. We have obtained results within the theories for both general and
concrete systems. The main results are as follows.

(1) Proposed a new picture of the appearance of coherence (polariton) on the exciton lifetime in
semiconductors, (2) Discovered a superconducting circuit system in which both the equilibrium phase
transition and the nonequilibrium condensation can occur, (3) Constructed a time-dependent theory
for BEC-BCS-LASER crossover, (4) Discovered nonequilibrium plateaus in a coupled cavity QED array
system, (5) Constructed the method of decomposing the radiation energy into work and heat in cavity
QED systems, (6) Discovered a relationship between the quantum feature and computational speedup for
the adiabatic quantum computation.



o

@

®

(BEC)
BCS



BEC-BCS-LASER

Green
BEC-BCS-LASER
Fermi BCS
BCS
BCS
) QED
®) QED

QED

®

14

Weilu Gao, Xinwei Li, Motoaki Bamba,
and Junichiro Kono, Continuous Transition
between Weak and Ultrastrong Coupling
through Exceptional Points 1in Carbon
Nanotube Microcavity Exciton Polaritons,
Nature Photonics, 2018 (in press),

DOI: 10.1038/s41566-018-0157-9

X. Li, M. Bamba, Q. Zhang, S. Fallahi,
G. C. Gardner, W. Gao, M. Lou, K. Yoshioka,
M. J. Manfra, and Junichiro Kono, Vacuum
Bloch-Siegert shift in Landau polaritons

with ultra-high cooperativity, Nature
Photonics, 2018 (in press),
DOI: 10.1038/s41566-018-0153-0

, Vol.

52 (No. 9), 2017, 459 476,

M. Bamba and N. Imoto, Circuit
configurations which may or may not show
superradiant phase transitions, Physical
Review A, Vol. 96, 2017, 053857-1-11,

DOI: 10.1103/PhysRevA.96.053857

M. Yamaguchi, T. Yuge, and T. Ogawa,
Markovian quantum master equation beyond
adiabatic regime, PHYSICAL REVIEW E, Vol.
95, 2017, 012136-1/16,

DOI: 10.1103/PhysRevE.95.012136

T. Yuge, M. Yamaguchi, and T. Ogawa,
Decomposition of radiation energy into
work and heat, PHYSICAL REVIEW E, Vol. 95,
2017, 022119-1/11,

DOI: 10.1103/PhysRevE.95.022119




M. Bamba and N. Imoto, Maxwell boundary
conditions imply non-Lindblad master
equation, Physical Review A, Vol. 94, 2016,
033802-1 20,

DOI: 10.1103/PhysRevA.94.033802

M. Bamba, K. Inomata, and Y. Nakamura,
Superradiant Phase Transition 1in a
Superconducting Circuit in Thermal
Equilibrium, Physical Review Letters, Vol.
117, 2016, 173601-1 5,

DOI: 10.1103/PhysRevLett.117.173601

M. Bamba and T. Ogawa, Laser under
ultrastrong light-matter interaction:
Qualitative aspects and quantitative
influences by level and mode truncations,
Physical Review A, 2016, Vol. 93,
033811/1-10,

DOI: 10.1103/PhysRevA.93.033811

Tomohiro Tamaya, Akira Ishikawa,
Tetsuo Ogawa, and Koichiro Tanaka,

Diabatic Mechanisms of Higher-Order
Harmonic  Generation in Solid-State
Materials under High-Intensity Electric
Fields, Physical Review Letters, Vol.116,
2016, 016601/1-5,

DOI: 10.1103/PhysRevLett.116.016601

M. Bamba, S. Wakaiki, H. Ichida, K.
Mizoguchi, D. Kim, M. Nakayama, and Y.
Kanematsu, Theory of the lifetime of an
exciton incoherently created below its
resonance  frequency by inelastic
scattering, Physical Review B, Vol. 91,
2015, 235205/1-13,

DOI: 10.1103/PhysRevB.91.235205

Makoto Yamaguchi, Ryota Nii, Kenji
Kamide, Tetsuo Ogawa, Yoshihisa Yamamoto,
Generating functional approach for
spontaneous coherence in semiconductor
electron-hole-photon systems, Physical
Review B, Vol. 91, 2015, 115129/1-40,

DOI: 10.1103/PhysRevB.91.115129

Tatsuro Yuge, Kenji Kamide, Makoto
Yamaguchi, Tetsuo Ogawa, Cavity-Loss
Induced Plateau in Coupled Cavity QED
Array, Journal of the Physical Society of
Japan, Vol. 83, 2014, 123001/1-4,

DOI: 10.7566/JPSJ.83.123001

Motoaki Bamba, Tetsuo Ogawa, Stability
of  polarizable materials against
superradiant phase transition, Physical
Review A, Vol. 90, 2014, 063825/1-8,

DOI: 10.1103/PhysRevA.90.063825
35

, 2018,

M. Bamba, K. Inomata, and Y. Nakamura,
Phase transition and mode softening in
superconducting circuit, DAQS2018, The
2nd CEMS International Symposium on
Dynamics in Artificial Quantum Systems,
2018, RCAST, The University of Tokyo,
Japan

2017 , 2017,

, 2017
, 2017,

, 2017,

M. Bamba, Quantum and thermal phase
transitions in circuit QED system, NQS2017,
Novel Quantum States in Condensed Matter

2017, 2017, Yukawa Institute for
Theoretical Physics, Kyoto University,
Japan
72 , 2017,
; 72
, 2017,
72 , 2017,

M. Bamba, Coherent Phase Transition in
Superconducting Circuit, Light-Matter
Interactions in Cavity & Circuit QED
Systems in the Light of Quantum Technology
- IwQD -, 2017, NIl, Tokyo, Japan

M. Bamba, Coherent-incoherent phase
transition of virtual photons in
superconducting circuit, Virtual photons



in ultra-strongly coupled systems, 2017,
RIKEN, Wako, Japan

M. Bamba, Super-radiant phase
transition in superconducting circuit in
thermal equilibrium, International
Workshop on Ultra-Strong Light-Matter
Interactions: theory and applications to
qguantum information, 2016, Bilbao, Spain

2016 , 2016,

2016 , 2016,

2016 , 2016,

M. Yamaguchi and T. Ogawa, Unified
picture of cooperative phenomena in

semiconductor electron-hole-photon
system, The 8th International Conference
on Spontaneous Coherence in Excitonic
Systems (ICSCE8), 2016, Edinburgh, UK

M. Bamba, T. Ogawa, and N. Imoto,
Remaining Possibility of Super-Radiant
Phase  Transition by  Ultra-Strong
Interaction, 17th International
Conference on Physics of Light-Matter
Coupling in Nanostructures, 2016,

, Maxwell
71 , 2016,
, 71
, 2016,
s 2015 ,
2015,
@
, 2015
, 2015,
@ _ ., QED

2015 , 2015,

@ ’

. 32 QIT32),
2015,
@

, Fermi BCS
7 70 ’

2015,

@ Tetsuo Ogawa, Tomohiro Tamaya,
Koichiro Tanaka, Mechanism of high-order
harmonic generation in semiconductors
under strong electric field, The 5th
International Symposium on Teraheltz
Nanosicence, 2014, Martinique, France

Motoaki Bamba, Tetsuo Ogawa, Lasing in
ultrastrong light-matter coupling regime,

International Workshop on Nonlinear
Optics and Excitation Kinetics in
Semiconductors, 2014, Bremen, Germany
@ 9’
2014 , 2014,
7

QED

, 2014 , 2014,

Tetsuo Ogawa, Makoto Yamaguchi,
Equilibrium and nonequi librium
"condensation” in polariton many-body
systems, 5th International Conference on

Photoinduced Phase Transitions and
Cooperative Phenomena, 2014, Bled,
Slovenia

Tetsuo Ogawa, Theory of BEC-BCS-LASER
crossover cavity polariton systems,
International  Workshop on  Quantum
Phenomena in Photo-controlled Systems,
2014, The University of Tokyo

@D Motoaki Bamba, Tetsuo Ogawa,
Estimation of the A"2 term from the
analysis of lasing in ultrastrong coupling
regime, The 7th International Conference
on Spontaneous Coherence in Excitonic
Syetsms, 2014, The Prince Hakone

62 Makoto Yamaguchi, Kenji Kamide, Ryota




Nii, Tetsuo Ogawa, Yoshihisa Yamamoto,
BEC-BCS-Laser  crossover  theory in
interacting electron-hole-photon systenms,
The 7th International Conference on
Spontaneous Coherence in  Excitonic
Syetsms, 2014, The Prince Hakone

@ Ryo Maezono, Pabio L. Rios, Tetsuo
Ogawa, Richard J. Needs, Excitons and
biexcitons in symmetric electron-hole
bilayers, The 7th International
Conference on Spontaneous Coherence in
Excitonic Syetsms, 2014, The Prince Hakone

@) Tomoyuki Horikiri, Makoto Yamaguchi,
Kenji Kamide, Yasuhiro Matsuo, Andreas
Loeffler, Sven Hoefling, Yutaka Shikano,
Tetsuo Ogawa, Alfred Forchel, Yoshihisa
Yamamoto, Exciton-polariton condensation
in high excitationdensity regime, The 7th
International Conference on Spontaneous
Coherence in Excitonic Syetsms, 2014, The
Prince Hakone

@ Tatsuro Yuge, Kenji Kamide, Makoto
Yamaguchi, Tetsuo Ogawa, State freezing in
nonequilibrium coupled cavity QED array,
The 7th International Conference on
Spontaneous Coherence in  Excitonic
Syetsms, 2014, The Prince Hakone

0

@
(Ogawa Tetsuo)
50211123

®
(BAMBA Motoaki)
30647970

®

(YUGE Tatsuro)

70547380

*

(YAMAGUCHI Makoto)

40733895



