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当研究チームは，物質中における複雑系のダイナミクスについて，計算機手法により研究を行
う。さらに，様々な物理的手法を用いて得られた理論的予測を，単量子操作研究グループの他の
チームと協力して検証する。当研究チームのメンバーがこれまでに携わった研究の例として，磁
束ダイナミクスに関する集団輸送現象，超伝導デバイスによる量子コンピューティング，ナノ磁
性およびスピントロニクス，バイオコンピューティング，多体系集団現象，量子現象を用いたバ
イオデバイスに関する研究などが挙げられる。
また，乱れた系，または低次元系における（量子化された磁束，電子，フォノン，粒界の）輸
送現象に関する研究を行っている。これらの例には，幾何学的に制限された形状（薄膜，板状，
極細線，極微ネットワークなど）や，多層膜，非周期性物質，準結晶，乱れた系などが含まれる。
物質における複雑系ダイナミクスに関するより深い理解は，他の研究分野の発展に貢献すると
同時に自らも他分野との交流から寄与を受けている。
超伝導体を貫通する磁束線の振舞いの特性は，超伝導における解明されていない難問の 1つで
ある。これらの磁束線が超伝導体中の静止した渦糸（磁束量子）を通して運動するとき，「加負
荷/無負荷」状態の周期的反復現象（loading-unloading cycles），「スティック/スリップ」型運動
（stick-slip type motion），さらに砂粒やコロイド粒子など，他の媒質系でも見られる輸送現象に
似た集団的「渋滞」状態（collective jamming）を呈する。
これまでに研究を行った課題には以下のものが含まれる。
（1）乱れた系における超伝導磁束量子のダイナミクス。
（2）非線形しきい値ダイナミクス，崩壊現象，なだれ現象，粉体系および超伝導系の不安定性。
（3）高温超伝導物質の磁気特性と温度特性。
（4）準結晶や他の非周期性物質系におけるフォノンおよび電子の輸送現象。
（5）音響干渉現象，フォノンの局在，および普遍的伝播における揺らぎ。
（6）スクイズドフォノンなどの固体中の量子揺らぎの制御。
（7）様々な系（超伝導線マイクロネットワークおよびジョセフソン接合マイクロアレイ（格
子））における磁場中の電子の運動による量子干渉現象。
これらのミクロな系のいくつかは，まもなくナノスケールで展開されるようになると予想され
る。また，関連がないように見えるこれらの系のいくつかは，ある特殊な環境下において不安定
性のしきい値に達すると，興味深い複雑系の非線形ダイナミクスを呈すると考えられる。

当研究チームは，本年度中に多くのプロジェクトに関わっ
たが，簡潔にそのうち下記の幾つかの例について述べる。

1. 量子コンピューティング
量子情報技術の目標は，システムにおける量子状態の準
備，操作，測定を含む量子状態の制御である。しかし，多
くの量子ビットを集積し，任意に選択された量子ビットを
結合することは，量子コンピューティング実現における大
きな課題である。我々は，これらの問題を効率的に解決す
るためのジョゼフソン電荷量子ビットを使用する実現可能
な実験的手法を提案した。この提案において任意の 2つの
電荷量子ビットが効果的に結合しているという意味で，こ
の量子計算アーキテクチャーは集積性が良い。さらに重要
なことは，ゲート操作により効率的な量子計算スキームを
実現できたということである。

2. 時空間複雑系ダイナミクスに関する研究（特に磁束
の運動制御，および粒子運動の制御について）
我々は超伝導中における磁束量子ダイナミクスに関する

研究を続けており，特に我々が数年前に開拓し，現在多く
の注目を集めているところの量子運動制御の新たな方法に
つて重点的をおき研究を行っている。

The “Digital Materials Laboratory” performs compu-
tational studies of complex dynamics in materials. We use
physically-motivated numerical techniques to make theo-
retical predictions which can be tested experimentally, and
we have often collaborated with experimental groups. We
are currently working on several projects, including: collec-
tive transport in vortex dynamics, quantum computing in
superconducting devices, nano-magnetism and spintronics,
biologically-inspired computing, complex collective phe-
nomena, etc. We are also working on “biologically-inspired
devices using quanta”.
Our previous research has mainly focused on transport

phenomena (of quantized magnetic flux or magnetic vor-
tices, electrons, phonons, grains) in systems that have dis-
order and/or reduced dimensionality. Examples include
confined geometries (e.g., films, slabs, micro-wires, micro-
networks), multilayers, aperiodic, quasicrystalline, and dis-
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ordered media.
A deeper understanding of complex dynamics in ma-

terials is now particularly well poised to contribute to ad-
vances in other disciplines and to benefit substantially from
interactions with those disciplines.
The nature of the motion of penetrating magnetic flux

lines is one of the major unsolved puzzles in superconduc-
tivity. As these flux lines move through stationary mag-
netic vortices in the superconductor, they exhibit loading-
unloading cycles, “stick-slip” type motion, and collective
“jamming” that resembles transport in other types of me-
dia: grains of sand and colloids.
Specific problems we have studied include: dynamics

of superconducting vortices in disordered media; nonlin-
ear threshold dynamics, collapse, avalanches, and insta-
bilities in granular and superconducting systems; mag-
netic and thermal properties of high-TC materials; phonon
and electron transport in quasicrystalline and other ape-
riodic systems; acoustic interference, phonon localization
and universal transmission fluctuations; control of quan-
tum fluctuations in solids, including squeezed phonons;
and quantum interference due to electron motion in mag-
netic fields in a variety of systems (including superconduct-
ing wire micro-networks and Josephson junction micro-
arrays). Several of these micro-systems will soon be de-
veloped at the nano-scale. Under certain circumstances,
several of these apparently unrelated systems exhibit in-
teresting complex nonlinear dynamics when driven to the
threshold of instability.
During 2004, our team has been involved in many

projects. For brevity, we will only highlight the following
few examples. These fall in two general categories:
1. Quantum computing
2. Spatio-temporal complex dynamics, specially of vor-

tices and particle-motion control. Also, particle-motion
control.　
A goal of quantum information technology is to con-

trol the quantum state of a system, including its prepa-
ration, manipulation, and measurement. However, scal-
ability to many qubits and controlled connectivity be-
tween any selected qubits are two of the major stum-
bling blocks to achieve quantum computing (QC). We have
proposed experimentally-realizable methods, using Joseph-
son qubits, to efficiently solve these two central problems.
The proposed QC architecture is scalable since any two
charge qubits can be effectively coupled. More impor-
tantly, we formulate efficient and realizable quantum com-
puting schemes to implement conditional gates.
We are continuing our studies of vortex dynamics in

superconductors with particular emphasis on novel forms
of vortex motion control, an area which we pioneered years
ago and is now attracting considerable attention.

Research Subjects

1. Condensed matter physics; Computational physics;

Complex systems

2. Quantum computing. Superconducting qubits

3. Vortex dynamics in superconductors

Staff

Head
Dr. Franco NORI

Research Scientists
Dr. Jian Qiang YOU

Dr. Sergey SAVEL’EV

Dr. Lian Fu WEI

Dr. Yu-Xi LIU

in collaboration with
Dr. Oleg ASTAFIEV (Macrosc. Quantum Coherence

Lab., FRS)

Dr. Yasunobu NAKAMURA (Macrosc. Quantum Co-

herence Lab., FRS)

Dr. Yoshichika OTANI (Quantum Nano-Scale Magn.

Lab., FRS)

Dr. Yuri PASHKIN (Macrosc. Quantum Coherence

Lab., FRS)

Dr. Akira TONOMURA (Quantum Phenom. Obs. Tech-

nol. Lab., FRS)

Dr. Jaw-Shen TSAI (Macrosc. Quantum Coherence

Lab., FRS)

Dr. Tsuyoshi YAMAMOTO (Macrosc. Quantum Coher-

ence Lab., FRS)

Collaborators (Outside of RIKEN )
Dr. Sahel ASHHAB (Univ. Michigan, USA)

Dr. Tommaso BERSANO-BEGEY (Univ. Michigan,

USA)

Dr. Salin Cheng BERNSTEIN (Univ. Michigan, USA)

Dr. Ciro CATTUTO (JSPS Fellow)

Dr. Lara FAORO (Princeton Univ., USA)

Prof. Peter HANGGI (Univ. Augusburg, Germany)

Prof. Xuedong HU (State Univ. New York, Buffalo,

USA)

Dr. Yoshizumi INOUE (Univ. Tokyo)

Dr. Haruhisa KITANO (Univ. Tokyo)

Prof. Atsutaka MAEDA (Univ. Tokyo)

Prof. Fabio MARCHESONI (Univ. Camerino, Italy)

Prof. Umberto MARINI-BETTOLO (Univ. Camerino,

Italy)

Dr. Veaceslav MISCO (Univ. Michigan, USA)

Dr. Namiko MITARAI (Special Postdoctoral Re-

searcher)

Dr. Victor. V. MOSHCHALKOV (Univ. Leuven, Bel-

gium)

Dr. Satoru OKAYASU (JAERI)

Dr. Alexander RAKHMANOV (Inst. Theor. Appl. Elec-

trodynamics, Rusisia)

Dr. Todd TILMA (Univ. Michigan, USA)

Dr. Ichiro TSUKADA (CRIEPI)

Dr. Valery YAMPOLSKII (Inst. Radiophys. Electron.,

Ukraine)

500 平成 16 年度



Trainees
Mr. Joe BERNSTEIN (Univ. Michigan, USA)

Mr. Robert JOHANSSON (Chalmers Univ. Technol.,

Sweden)

誌　上　発　表 Publications

［雑誌］
（原著論文） ＊印は査読制度がある論文
Savelev S., Cattuto C., and Nori F.: “Force-free current-

induced reentrant melting of the vortex lattice in su-

perconductors”, Phys. Rev. B 67, 180509-1–180509-4

(2003).＊
Zhu B., Marchesoni F., Moshchalkov V. V., and Nori F.:

“Controllable step motors and rectifiers of magnetic flux

quanta using periodic arrays of asymmetric pinning de-

fects”, Phys. Rev. B 68, 014514-1–014514-14 (2003).＊
You J. Q. and Nori F.: “Quantum information processing

with superconducting qubits in a microwave field”, Phys.

Rev. B 68, 064509-1–064509-7 (2003).＊
Savelev S., Marchesoni F., Hanggi P., and Nori F.: “Non-

linear signal mixing in a ratchet device”, Europhys. Lett.

67, 179–185 (2004).＊
Liu Y., Wei L., and Nori F.: “Quantum tomography for

solid-state qubits”, Europhys. Lett. 67, 874–880 (2004).

＊
Liu Y., Wei L., and Nori F.: “Generation of nonclassical

photon states using a superconducting qubit in a micro-

cavity”, Europhys. Lett. 67, 941–947 (2004).＊
Wei L., Liu Y., and Nori F.: “Coupling Josephson qubits

via a current-biased information bus”, Europhys. Lett.

67, 1004–1010 (2004).＊
Wei L. and Nori F.: “Quantum phase estimation algo-

rithms with delays: Effects of dynamical phases”, J.

Phys. A 37, 4607–4617 (2004).＊
Liu Y., Ozdemir S., Miranowicz A., and Imoto N.: “Kraus

representation of a damped harmonic oscillator and

its application”, Phys. Rev. A 70, 042308-1–042308-8

(2004).＊
Wei L., Liu Y., and Nori F.: “Engineering quantum pure

states of a trapped cold ion beyond the Lamb-Dicke

limit”, Phys. Rev. A 70, 063801-1–063801-9 (2004).＊
Wordenweber R., Dymashevski P., and Misko V.: “Guid-

ance of vortices and the vortex ratchet effect in high-Tc

superconducting thin films obtained by arrangement of

antidots”, Phys. Rev. B 69, 184504-1–184504-6 (2004).

＊
Savelev S. and Nori F.: “Magnetic and mechanical buck-

ling: Modified landau theory approach to study phase

transitions in micromagnetic disks and compressed

rods”, Phys. Rev. B 70, 214415-1–214415-19 (2004).＊
Savelev S., Marchesoni F., and Nori F.: “Stochastic trans-

port of interacting particles in periodically driven ratch-

ets”, Phys. Rev. E 70, 061107-1–061107-13 (2004).＊
Savelev S., Marchesoni F., Hanggi P., and Nori F.: “Trans-

port via nonlinear signal mixing in ratchet devices”,

Phys. Rev. E 70, 066109-1–066109-15 (2004).＊
Savelev S., Marchesoni F., and Nori F.: “Manipulating

small particles in mixtures far from equilibrium”, Phys.

Rev. Lett. 92, 160602-1–160602-4 (2004).＊
Zhu B., Marchesoni F., and Nori F.: “Controlling the

motion of magnetic flux quanta”, Phys. Rev. Lett. 92,

180602-1–180602-4 (2004).＊
Zhu B., Marchesoni F., Moshchalkov V., and Nori F.:

“Easily-controllable collective stepmotor of magnetic

flux quanta”, Physica C 388/389, 260–265 (2004).＊
Hanggi P., Marchesoni F., and Nori F.: “Brownian mo-

tors”, Ann. Phys. (Leipzig) 14, 51–70 (2005).＊
Wei L., Li X., Hu X., and Nori F.: “Effects of dynamical

phases in Shor’s factoring algorithm with operational de-

lays”, Phys. Rev. A 71, 022317-1–022317-8 (2005).＊
You J. Q., Nakamura Y., and Nori F.: “Fast two-bit oper-

ations in inductively coupled flux qubits”, Phys. Rev. B

71, 024532-1–024532-9 (2005).＊
Savelev S., Marchesoni F., and Nori F.: “Interacting parti-

cles on a rocked ratchet: rectification by condensation”,

Phys. Rev. E 71, 011107-1–011107-9 (2005).＊
Maeda A., Inoue Y., Kitano H., Savelev S., Okayasu

S., Tsukada I., and Nori F.: “Nanoscale friction: ki-

netic friction of magnetic flux quanta and charge density

waves”, Phys. Rev. Lett. 94, 077001-1–077001-4 (2005).

＊

口　頭　発　表 Oral Presentations

（国際会議等）
Pashkin Y., Yamamoto T., Astafiev O., Averin D. V.,

Nakamura Y., Tilma T. E., Nori F., and Tsai J.: “Quan-

tum coherence and entanglement of two coupled super-

conducting charge qubits”, 4th Int. Workshop on Macro-

scopic Quantum Coherence and Computing, (Associ-

azione MQC2 and others), Napoli, Italy, June (2004).

Nori F.: “Circuitry with superconducting qubits”, Quan-

tum Computing Program Review, (U.S. Army Research

Office and others), Florida, USA, Aug. (2004).

Wei L., Liu Y., and Nori F.: “Coupling Josephson qubits

via a current-biased information bus”, ERATO Conf. on

Quantum Information Science 2004 (EQIS’04), Tokyo,

Sept. (2004).

Tilma T. E., Pashkin Y., Astafiev O., Yamamoto T.,

Nakamura Y., Tsai J., and Nori F.: “Entanglement dy-

namics in two coupled charge qubits”, ERATO Conf. on

Quantum Information Science 2004 (EQIS’04), Tokyo,

Sept. (2004).

You J. Q., Nakamura Y., and Nori F.: “Fast two-bit op-

erations in inductively coupled flux qubits”, ERATO

Conf. on Quantum Information Science 2004 (EQIS’04),

Tokyo, Sept. (2004).

Liu Y., Wei L., and Nori F.: “Generation of nonclassical

photon states using a superconducting qubit in a micro-

cavity”, ERATO Conf. on Quantum Information Science

理研研究年報 501



2004 (EQIS’04), Tokyo, Sept. (2004).

You J. Q. and Nori F.: “Quantum information process-

ing with superconducting qubits in a microwave field”,

ERATO Conf. on Quantum Information Science 2004

(EQIS’04), Tokyo, Sept. (2004).

You J. Q., Tsai J., and Nori F.: “Scalable quantum com-

puting with Josephson charge qubits”, ERATO Conf. on

Quantum Information Science 2004 (EQIS’04), Tokyo,

Sept. (2004).

Wei L., Liu Y., and Nori F.: “Testing of Bell’s inequal-

ity with coupled Josephson qubits”, ERATO Conf. on

Quantum Information Science 2004 (EQIS’04), Tokyo,

Sept. (2004).

Liu Y., Wei L., and Nori F.: “Tomographic measurements

on charge qubits”, ERATO Conf. on Quantum Informa-

tion Science 2004 (EQIS’04), Tokyo, Sept. (2004).

Bersano-Begey T.: “Reverse engineering/inference of gene

networks from Fantom data”, FANTOM Int. Consor-

tium on Deciphering the Logic of the Transcriptome

(FANTOM 3), (RIKEN), Yokohama, Sept. (2004).

Pashkin Y., Astafiev O., Yamamoto T., Nakamura Y.,

Averin D. V., Tilma T. E., Nori F., and Tsai J.: “Co-

herent dynamics of two coupled superconducting charge

qubits”, Int. Symp. “Quantum Informatics - 2004”,

Moscow, Russia, Oct. (2004).

Nori F., Villegas J., Savelev S., Gonzalez E., Anguita

J., Garcia R., and Vicent J.: “A superconducting re-

versible vortex diode for controlling the motion of mag-

netic flux quanta”, 17th Int. Symp. on Superconductiv-

ity (ISS 2004), (International Superconductivity Tech-

nology Center), Niigata, Japan, Nov. (2004).

Pashkin Y., Astafiev O., Yamamoto T., Nakamura Y.,

Averin D. V., Tilma T. E., Nori F., and Tsai J.: “Co-

herent manipulation of coupled Josephson qubits”, 17th

Int. Symp. on Superconductivity (ISS 2004), (ISTEC),

Niigata, Nov. (2004).

Savelev S. and Nori F.: “Magnetic bucking: Modified lan-

dau theory approach to study phase transitions in mi-

cromagnetic disks”, 17th Int. Symp. on Superconductiv-

ity (ISS 2004), (International Superconductivity Tech-

nology Center), Niigata, Nov. (2004).

Misko V., Savelev S., Marchesoni F., and Nori F.: “Trans-

verse rectification of vortices in superconductors with

arrays of triangular pins”, 17th Int. Symp. on Supercon-

ductivity (ISS 2004), (International Superconductivity

Technology Center), Niigata, Nov. (2004).

Savelev S. and Nori F.: “Magnetic and mechanical buckil-

ing: Modified Landau theory approach to studay phase

transitions in micromagnetic disks and compressed

rods”, FIMS/ITS-NS/CTC/PLASMA 2004, (JSPS),

Tsukuba, Japan, Nov. (2004).

Misko V., Savelev S., Marchesoni F., and Nori F.: “Sep-

arating particles according to their physical proper-

ties: Transverse drift of over-damped interacting par-

ticles through two-dimensional ratchets”, FIMS/ITS-

NS/CTC/PLASMA 2004, Tsukuba, Japan, Nov. (2004).

Pashkin Y., Astafiev O., Yamamoto T., Nakamura Y.,

Averin D. V., Tilma T. E., Nori F., and Tsai J.: “Solid-

state Josephson charge qubits”, Joint Workshop on Su-

perconductivity, Osaka, Dec. (2004).

Wordenweber R., Dymashevski P., and Misko V.: “Guid-

ance of vortices and vortex ratchet effect high-Tc super-

conducting thin films with special arrangements of anti-

dots”, 10th Int. Vortex State Studies Workshop (IVW-

10), Mumbai, India, Jan. (2005).

Savelev S. and Nori F.: “Magnetic and mechanical buck-

ling: modified Landau theory approach to study phase

transitions in micro-magnetic disks and compressed

rods”, 10th Int. Vortex State Studies Workshop (IVW-

10), Mumbai, India, Jan. (2005).

Misko V., Savelev S., Marchesoni F., and Nori F.: “Sep-

arating particles according to their physical proper-

ties: Transverse drift of over-damped interacting parti-

cles through two-dimensional ratchets”, 10th Int. Vortex

State Studies Workshop (IVW-10), Mumbai, India, Jan.

(2005).

Maeda A., Inoue Y., Kitano H., Savelev S., Okayasu S.,

Tsukada I., and Nori F.: “Nano-scale friction : ki-

netic friction of magnetic flux quanta and charge-density

waves”, 10th International Vortex Workshop, (JRD),

Mumbai, India, Jan. (2005).

Villegas J., Gonzalez E., Gonzalez M., Anguita J., Savelev

S., Nori F., and Vicent J.: “Vortex lattice dynamics

on ratchet potentials”, 10th International Vortex Work-

shop, (JRD), Mumbai, India, Jan. (2005).

Liu Y., Ozdemir S., Miranowicz A., and Imoto N.: “A

study on the effects of damping on qubits using Kraus

Representation”, Int.l Conf. on Nanoelectronics, Nanos-

tructures and Carrier Interactions (NNCI2005), (NTT

Basic Research Laboratories and Solution Oriented Re-

search for Science and Technology (SORST)), Atsugi,

Japan, Jan.–Feb. (2005).

Savelev S., Hu X., and Nori F.: “Quantum electromechan-

ics: Qubits from buckling nanobars”, Int.l Conf. on Na-

noelectronics, Nanostructures and Carrier Interactions

(NNCI2005), (NTT Basic Research Laboratories and

Solution Oriented Research for Science and Technology

(SORST)), Atsugi, Japan, Jan.–Feb. (2005).

Liu Y., You J. Q., Wei L., Sun C., and Nori F.: “Selec-

tion rules of superconducting flux qubits”, Int.l Conf.

on Nanoelectronics, Nanostructures and Carrier Inter-

actions (NNCI2005), (NTT Basic Research Laboratories

and Solution Oriented Research for Science and Technol-

ogy (SORST)), Atsugi, Japan, Jan.–Feb. (2005).

Villegas J., Savelev S., Nori F., Gonzalez E., Anguita J.,

Garcia R., and Vicent J.: “Controlling vortex motion

in superconductors”, Int. Nanotechnology Exh. & Conf.

(nano tech 2005), Tokyo, Japan, Feb. (2005).

Savelev S. and Nori F.: “Controlling vortex motion in

superconductors”, 3rd Int.Symp. on Nanotechnology

502 平成 16 年度



(JAPAN NANO 2005), (MEXT), Tokyo, Feb. (2005).

Hu X., You J. Q., and Nori F.: “Correlation-induced sup-

pression of decoherence in capacitively coupled Cooper-

pair boxes”, 2005 APS March Meet., Los Angeles, USA,

Mar. (2005).

Nori F.: “Terahertz generation and vortex motion control

in superconductors”, 2005 APS March Meet., Los Ange-

les, USA, Mar. (2005).

（国内会議）
Pashkin Y., Tilma T., Averin D. V., Astafiev O., 山本剛,
中村泰信, Nori F., 蔡兆申: “Time evolution of entan-
glement in coupled Josephson junction qubits”, CREST

1st NANOFAB Workshop: Theoretical developments of

Nanosuperconductors and its applications, 京都, 11 月
(2003).

御手洗菜美子, 中西秀: 日本物理学会 2004年秋季大会, 青
森，高知, 9月 (2004).
御手洗菜美子,中西秀: “高密度な粉体斜面流の密度プロファ

イル”, 京都大学数理解析研究所「複雑流体の構造形成と
崩壊の数理」研究集会, 京都, 11月 (2004).

Nori F.: “Controlling the motion of vortices in supercon-

ductors and quantum computing using superconducting

qubits”, 第 17回佐々木学術シンポジウム, (東京大学物性
研究所), 東京, 12月 (2004).

Nori F., Savelev S.: “(I) Controlling vortex motion in su-

perconductors and (II) Kinetic friction of magnetic flux

quanta and charge density waves”, Joint Workshop on

Superconductivity (NFS2004/VPJ12), (JST), Osaka, 12

月 (2004).
Savelev S., Nori F.: “(I) Magnetic and mechanical buckil-

ing: Modified Landau theory approach to studay phase

transitions in micro-magnetic disks and compressed

rods, and (II) Quantum electromechanics: Qubits from

buckling nanobars”, Joint Workshop on Superconduc-

tivity (NFS2004/VPJ12), (JST), Osaka, 12月 (2004).

理研研究年報 503


