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[A. Kagawa, et al., J. Magn. Reson. 197, 9-13 (2009)]
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[M. Negoro, et al., J. Chem. Phys. 133, 154504 (2010)]
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ARFFEClE, HIRRROINEEEBICHEL T, Ta i +57 V7 A—rar %
AT 2Tz VA% HEIWIZAER T D HIEZ IR LTz, ZHUZL> TH E T, BRI D
TR IR TSR AN LR LE N C e o T RSB IS R ORI EE . R
Do BRI 2 7 1k% 5 2 122812705, ZOEMANMRRLESRD 4y 5T
FAAENIUE, ZNE TV ARZEEMERT R FA LD T EZIV TG 54
R2 53912720 ZL OBV F 3 BT RN R DRSS D, T v NP A L& FERITE
HI DT, T T RA A —ROIERIEL GO T MEE, D/ AEBIEOX AT
v 7LV THIBRE AL TO D HIME RS E O RIB/RSGED L EE 2 Hivd, BRI, FE#R
FEAEL S AT IV IV U HER DT OEER X A EFHOBFEIZE FLTHY, NM
RO IEICRELREF 2L T25T T v RFA L7V —NMRO EH % H 8L THFZE 2k
T5HTIETHD,

Fo, BT ERUEEINT CIXZ< OB TGO RE L TRRILIE O 23 o
NTEY, ZO NV AGHEOHEINL Z<OMER TR FEFEREOm EICEIRT 52
ERHIRESILD,



4.2 HFEFACY (RIS T v—7)
(DWFFEFE RN B OSR

{EFEAICEENICG LR NWVETAE Y 2B R D T ThHD [T AE ]
Wi, ALHTRO qubit 70 & &I1XRe D | ThE TICERMI AL, A - 55
TEMEARMFZE DR D _EIZST > T e & LR B R 21T 21X, BHOS 1A
U aERETAZENTEDZRENH D (tailor-made molecular design), 45—+
AENIEHRBEXTCETAE K, T OERER TH LD T EAE
ZHOTHIZ, qubit & LTRSS MBER SN, FIEAE VI NR 770
A b a—Z L LTBBE L, EBICET T LT RAICHES S ERBORICHE b,
BfAEa—Fa2HgiiRnbolld 5&EE R Lz, —FH, 2 FAECREO®E
FAE T L TIE, LI BRI TH A I b 5T, qubit & LTRIHT
X 5551 D BARN 72 {F/E (synthetic matter spin—qubits) AMFRGEI 7= Z &3
Mol-, T, synthetic electron spin—qubits & & L CRHEEH, FEX
NTWhotzZ &, kW qubit & LTOEA A REBEZHIET S~ 7 s
VAT BRTH Y qubit FMOAFEHIEEZ FTHE & 3 2 EAMTH T IE ST L T
Mol Z EIZRE D, —Ji, scalable qubits DEFFAREZHEET H LT, 1 Koo/
WAt 25D 12 F) U7= Lloyd qubit array 7403, AHWERE L CHEGRMIC
BB |EIN TR WEAROE A DT Z L id/eh - 72, A CREST
T, TNOOREICEY A, HFAE S qubit ZX—A T HESf T Ea—
X/ B TERLERE AN OBRRICEHEGTHZ 2B LT,

AWFFEAREEIZ B L C, WFFERRLAIRE D 3 DD EERL B FEIT,

2-1. BFAEUCRTEFAE O 2-KU3-qubit &5 Fikit - G L. AR
BT — NMEOFEITERRELE T5, Tak— LY ARHOEWT U 751
AV VEFALE Y qubit REWERIETHZ L (synthetic electron spin—qubit
DOREEHENT) |

272. T AE Y qubit FOEF AL M ONMAHME Z EITTE D Q
spectroscopy  (CD-ELDOR: Coherent Dual Electron-Electron Double Resonance
spectrometer: CD-ELDOR) O % & & OV B % 217 9 Z & . H— electron
spin—qubit NZABHIMEI K TN 2-electron qubit @ CNOT 4 — MEREDEH,

2-3.  EHAEE £ TIZ, synthetic matter spin—qubit OF|EZETEN L= scalable
RELFAE L ROET IVRERE c AL, Z ORI DT O g & BT
HZEThHoT,

iR E U TOMEREICE L TiX, 2-1 TiE, FilwERGEt - R THLHT-0
|2, time-consuming 72 {EHZ T 2D T, FHEELD AMEZHEA L T, FREFHEO
R TIC BRI R+ A B R &5 T, s FEERTEIIC AT — b OMESLHEER
AR EET-, 2-2 TiE, 2 FENIC 1 SHZEMRESE, A Y qubit OAfE
ZHEC X 2 EBHINAMENL L, BE S W72, 2 FHLRIE. ERFMORIE SRS
T 572D, WIENY T LAREBEOFRDO Y T4 FAZ v 2 5#E2G L, B
MBEEASl 2 v —F b Lz, 2-1 & OBE T, BI{EDOE KIS O AKHET
e 2 DRI DRI D~ A 7 a Pkl SV A % & JE R (Q 2N R 35GH 2 )
THARTEALET T, MEOMMHZBEICHIE TE A L 2O THEILE
(Coherent Dual Electron—Electron Double Resonance: CD-ELDOR), —J. {E&®
R EAZRE LT EBEA R QC/QIP (B3 Ba—T7 4 7/ BFIERLER) %



BRIiE, HIREDARDBMLETH DN, ZNEE ALY qubit 24> THERK
T HITIE, S HITEE (RIK 1) OBM~A 7 vl SV ARIINDLETHDL Z &,
Mo TAH%., BlxDET ALY qubit % QC/QIP THEAET 2ITITMEE OO )
~A 7 aE NV AEER L, HIMAEE G CEX DNV A A 7 aEakikEE
R-WMSITHZENBBETHLZ L2 BB LT (A 7 m o tEiio NMR
RITHA LY T R), 2-3 T, DNA RNy 7 R—2 2T 5 2 EleiE o e v
r AT, 3 [EMREERFRE A B Y AFL7- g-tensor engineering it 2 E L L. i
2RISR E T2, Lloyd E7 VO A B qubit RO FEARHAL %
ARk L. addressable qubit M3 FRTHEILL TWDZ &4, HEEMmD D IX X HifE
EATIZ L - T, AV UMD D G IXE FREAIEBIEIC L > T, ZRENGEET L
776

CREST A7 iz, EERAIICIZY A B solid-state QC & LT, EHEENL
€60 7?~I/:/%°jfjc§¢fﬁ#ﬁ{’57 VBRSO T VA qubit & L TIEMAT
HAFGE, B ALY qubit 0)*7“:—1: L o AR D IE R 7V ZHEATIZ BT~ D WF5E DS
BN 2 MRS SHIRD T2, D F P OB DOEF AL qubit ZEHEH - T,
FELS— N AT DAL, Fex OIFRE RO THEIRE R CTITE L0, FFIC
scalable qubit ~DAMIED T 7 1 —F I B IERE R DT BT oy fé
B A UBERARREEOEERESE (BFGER. Ny 7 ARFEER) RETH,
FEHEEDSOH D,

J:EE 3 ODEMBEFICET 25EMIE, LT LB TH D,
2-1. BHFAVURTEFAE LD 2-K N 3-qubit 4%t - G L. AR 7
BT — NMEOFEITERELE 35, Tab— LY ARMOEWT U 7L
AV UEF AL qubit REWEBIR T A Z & (synthetic electron—qubit O
”ﬁi)

A DE A qubit 2155, 7 Fakat O FE#HX. (A)DiVincenzo ‘s Five
Criteria, & OV (B) il # MFE 1AL qubit i\_77“f27\‘§‘5 B SIS O Tk (g-tensor
engineering) (23T, /\El@747\3{52/\/1/?<T32WT@%U1"37‘2@ﬁ@‘étbf)@%Eﬁﬁg
HERS LR IL T2, (B) TOEITR R EEIL, ~ A7 0l VA58 LI 3 fRRE DR SIS
HSRL ., F T A2 NMR SI3RUVMZ R %, (B) ICEEL T, 2R E TS
T OB A AL NAB< &1 ) FHI7R A HHE AAER 2 N B HICHIE 528 Rl _%EU
KEZTFHD T qubit ELTHEH T 555 FiXFHIBEETH 7=, Lh QC OFEEICIE,
WOHINTE AL BEKIUG M BAERZFRI R 32572012 x%ﬁ*ﬁﬁ(ﬁﬁﬁk@ﬁ
MG EAERORESOMIC i‘l’“@@@/\7/275‘mn iTTKT?}bé

T ERETOMMIB P TIX, EEFEMIIE. TN THEINCEK » E T REHEMES
RIPOAMAFE AAE & RS 2 E[FIREZ, }:@iof@}iﬁm PERS fRAS I AR R A
RN T DD E BT H2 0D, X 2-1-1 121, Tﬂ:é&n%ﬂft%ﬁi‘%é’%ﬁ
biradical {Z-2V\T, IE{TQ HORE A IEE CW AT ML ESEDT-OILE %27, 22T
I, BICR CThHT-OIC, BITRIE %7\& SRR AAE N R LS TR A8
?ﬁ*ﬁﬂﬁﬂﬂ@&ﬁﬁ%o“@x\é [ 2-1-2 2%, ZHHDARI LA AZHFHEAEM J &
THEK (NI = 1)) D% ﬁﬁ’}ﬁ@”ﬁ-ﬁﬂﬁ*éﬁéﬁ( a EOMRPIR RESOBURTED LI
BAET B0 E AT theoretical stick spectra TH-x 7=, X 2-1-1 1, () 12525
biradical X, KA GG ZS D | IWIRAXZ UL HE EAEABIZEAETHRL T
WD ERMEI TR 22 5 T 573 FEIMENERS S A&+ PN T SRR PR ig 1
HEFFL TV T, 2 MHz DO REEDO AR AAERNFAET DI LD, BRI &A= 7~
VD EFFHTING I3 | KRB TH—7 v hed % 2-qubit BT AL R THLHIEN )
o7 (@) (K 2-1-1 2/)D biradical 1. BB 7 SR FIEISE 2T D712, AZHA parity

DOME DD Al # DEFAE L qubit 135 i72g—tensor ZHH ., W%%E%ULTEJJE?‘%)
ZLIITERWN, 2T, B ALY BRERTET D NO EOALE . (BHZ: "N (/=1))
DOLFERNAR (PN = 1/2)) % W FIZOIREEANTE AL T, 2 parity Zik 5% 5



£ (pseudo g—engineering: hyperfine(A)-tensor engineering ) {2 & > T . addressable
synthetic electron spin—qubit |22 F XA LN TES, () TiL, KM EGES T CILE
FAE AR A BEAER 3 30 MHZ R2BEHY | SN ERBLS 7 MUK AL C, BT AR B
KRG T- 3 S BLIAIS D, 16> T, gfBIZRC CH RN AR DB B EH O REZED
EWEFIHALT, H % OE AL qubit IZ77EAL, ALY qubit VY —RELTE
HCEHTLEARMIEREIZ BN THID THEIELTZ,

10
a)  O-N- 0—C-CsH,—C—-0 ‘N-O

o185
7}

X 2-1-1. S HE A 22 HFE AAEH O R EIEVEIE H OBIHIREIE A7 NI E]L
1% biradical DA AAEH B3R D532,

(a)? biradical CIFAHLAH A 1EH i{ﬁ%b“(b BN, () TR AAEHANE FIZ O
WA A B IVBITDINCREL, BF ALV BT S 13 5= 1E70, FHEHEFO%
D70 MRS & EE 1/2 £7e%, (b) (R ON(d)) T, (@&(c)D H EIFy7Z2 IR g
(BN AR J LGRS & E a DB IR BIRIZH D) ITFHEII /2B HE IR AT
NVETRT,

g-tensor engineering 43 F-iX st DAL, LD E 7 AL A RD g-tensor & RN A
WZHLE T DR EHETH LN, A R0 FAC L O, RBEMERS Sh k& H CRs 7R
HiEE2EHETA251FHLZ VDT, pseudo g—tensor engineering DX EHE#HTIE AL
qubit RV —R%& AT DT 721F T, FFREFEEE% electron—bus qubit RD client
qubit UV —AELTEM T DRSO A MR T 7 u—F Th o,

BT AL D qubit T T AREEBITIT. YR FAL L REDEDDET 4T
%L’%ﬁBﬂ%bf_ﬂ’*aa%LﬁMﬁ%Eg“(&)éﬁ) H—I7 DGy AR /%m@/}i%rf 3

1%k BELRE St B - PN A SR 4 %@F%iﬁ’]‘ﬁ%fﬁﬁbtii AL ERDIAT S
ETEDDDY qubit ELTO R B EIRDT-DOIT, SBEPER AR 31 OfE Sl B ffr, X
REEFRMT D RAT 13, BLERIZR qubit %?@%ﬁﬁ’] ’?Eféﬁ#@ﬂiigf£27/7¢ 725,

B— L7 Ny AR SR 7S SR Sy T ORI, RS O W R S S EXF A EAN
75%6675‘3%1“5‘[3’] (2, 3 FAE AL Z B 75\0%@7&%&"3“(“@@3&@:2:%@%é
B A /"j‘/l']\@%}\lﬂﬁ‘ﬁ?/]* NO %, NOH %25\ & C=0 OE I A S



ZH OB RERE A LT SN 7y TR Ml CHDIEMN ot KIS, rh K C=0
W, T R_RTO T D0 F AL ZAL RN E L L BTV IAT Z 2N o T2,
2-1-3 121%, ZNHDOR DI BLREN LA S DO EHIRT D,

J=0
s B e
| N-O-
] A
I
J<a i rajmﬂ fii
B i — e — e ——— —
= \ LR AT [T
-, - 1Y -
A I N IR A RN
/// | )fv ! ! ' \“ﬂ- I ‘:‘\" J
o LT | | el
L -7 L T VAT BN RN
\ .
_J=2a -7 Vo N RN ~ .
O O T T T I
- \ . o ! - -
- - Vo 2Ty -
| V! ~ L vy |
i VI by i
! | ! N-0O

= —— e (] ———3m

J: intra-molecular exchange coupling
a: isotropic hyperfine coupling constant due to *N

[X]2-1-2. AZHAHEAER ) LLEFELE (NS = 1)) DRI 8BIAMRE & E4a LD
K72 REZDOBAR TE D INUKAF T DD RN R LT E A U B LS B
S AT ML (theoretical stick spectra) .

CD;4
Doy —co,
0N £DQ O Q O o
DsC cD (¢] o] D,C: .3 o 0
—c'\D 15N-0 o} 0
D,C
CD;
CD;
o® 0
N o o ;ﬁﬁ\ o
D_C 3 O.
o O\C/ \FCD3 o)‘\/\/\/\/\/\n/
O D,C N, o]
? [)e) (0]
D;C CDj
b 03
3 h o o) 0
Oo-N_ ©pQ 0 20,
o CD, D%C—k
~ ¢p, O 0—CD °N-OH o O 0
D,C
CD;
1 CD3 1 a

2-1-3. fAEAY7R 2qubit 73 AL" (biradicals: /2) Ext a7 3 Stk oy b
),

UG S N TE 7R Sy A 121, pseudo g—tensor engineering 43 & &t (*°N
EEDEN) BHESILTND, BT AL ARNO ICHiET D AT L EE CHy 13— 2 bR
WTT RTHEAFIESNTND, BAFIZEY, BKFE OGS S ICH KT 5
HRIR AR L2 RIBICIER D8N TED, 70 T AL O —H & O T R
51D X BEERAT N e S AL FRE S R BE AL T X TREIIL TS,



2-1-3 121, g—tensor engineering 23T LTZ AR50y 1AL L 7 (B2 7R
G ) OXF 2 BIR L TODDS, AWFSERRE O FE N P25 7% FH L. ERRIZA AR
Lo AR | KOS U7 b0 T O AE R IE, 60 FELZEHE 25, BE O
K7 A RS d 2 AR Rk L, X B E AT 12 Bh 32721 Tl WHEREZ B JEL T,
QC/QIP D7V ARGR ISR ML DN TELMPEFE R DI, Tae—L
AWRFR D synthetic electron—spin qubit ZBINTEH57 T EARRKD AT T ThbH, 1%
AL DRTFREAS fh RN T, BERIRAIREL, 70 T A7 AN RS r b AR A
M, 1/5 725 1/1000 £ COHFH CHIFE ATRE Ch D, BUEETITHEOLNZ, Tak—L v
AREE O _ERRIL, IREEPHOIREFHI T, 7, OPEICIB N T usec ThHDH, IHIT, AL
FEFNRERRI OB EIZIB N T, [ LV FRDLO % 512825 B 5 i 7efg fnz- ik pl <
ZHEBEIFERDIFONTZD, ZHUXN Y T R ThoTz,

Fo. BRI FII— RN L E THAHED IR putative in chemistry, HAU X
LFRIR TR CH DA, ZHUTK L TR, AFERETERR LTz, T X Ty AR
qubits (Z-DUNT, SOREME BLAE dib A& - Tl 7178 CW ROV VA~ A 7mil VA
W2 L TR IEA L E ThHZ LT —07e< | TR U THRN 5 S0 T 2L E M
13D TEN CODWERECTHLZEN D72 81E, A CREST THEZKEZ2 D
— D TdbD, ZiL. electron spin—qubit EL T, 53 F AL LRIV ERE B4 213
EZEMEDHENHENL TODD TIIRWNES ) —EH7e TARICK L TR D [EIE % 5
ZDHHDTHD,

3—electron spin—qubit 73 FAE L RDOEM. kORI FAIREGEEROBEED
AT, KRERERRH -2, K 2-1-4 12, ZHHDHF A My~ triradical }&
WY AT FUDFRA Ny FERT, fhmtg T TOSFREEICBW T, Wi O
LI E L, A2 RO triradical [ IAA MERFPIZHEICRVIAEZND DT,
FANDOEEOHIEIIES TH 5, Triradical 1&, K 2-1-5 [TRTHA & REEIC,
BIAE A RS TSN = AR E TR L. OO AZHE A TR T
bivd, Z@ Triradical X, BHEGHIMEAEIER, B A U BEONGR7-FH BE/EM.
R AAERHORE SNHEFTHRTH Y, BISHHEAERANTXTOETFALE
R ILE B I ET D) CTHEMEe 3—electron—spin nuclear—spin 4y A B
ZThH D,

Triradical: Guest Trisketone:

X 2-1-4. 3-qubit 99HH AAEH 73 15% Triradical (/). MOVh
YR MR A Nyt () O 1HEE XSGR ORERICH &
SL), BRI, TRTIWNETHD, 22Tk, BrscdEA
AR RIVOHHAL DT D A YA R NO O N FIfAE#RIZ S
TUV2V, Triradical () 1Z2BWT, HEKIT N EZ271,



= =

2-2. 3 FAE Y qubit ROEF A IALAHEIEZ FETTE 5 QC spectroscopy
(Coherent Dual Electron—-Electron Double Resonance spectrometer:CD-ELDOR)
EEEOENRAREZ1T 9 2 &, B — electron spin—qubit {7 FH il f#l & O° 2
electron—qubit @ CNOT ~7— MEAED FEH .

Probe head

2-2-1. coherent dual AL L —FEfA" L & LIE(CD-ELDOR)H probe
head OWEL N O 1 57V AAZ Y ONEZ T,

ARFETIL, AWG ZRIKET LR~ A7l B VAR — AL LT 7 'e
—F . RO DO~ A 7aliiiE s iy HRIC K> TAERHIET 258 2 o7 7 a—F
YUY EH ST, BHFHEOE1OT S a—F Tld, TV WAL E I3 A E
T, VA7 EEARI D A — DASRETSIT 0, SRS 2 M e D7 1 T 2 e
FRA AN T CREST HE#E AR PNIC B O HAT AR T D8I T A AD B %



ZPEDTZDITEANAIIC IR EE L FIWTL T\ 56 2 OT7 7 —F ~BATLICREEDN DD,

Old version (left) (symmetric
type)

New version (right); 4 times
larger vol. of liq. He than the
old version.

1

u

2-2-2. coherent dual BB AL —EF AL “EHIE(CD-ELDOR) 2 VA A&~
2 Si% () O%EHE - NS, Z212iE, 1 SHEA LR DT DT~ T, 7233, Probe head 1%
HEtEECch S,

A CREST TI&, 2 MHD 5725~ A7 vl JA KA )V AE L T ARR O AR B LR
TR £ 75 TE 5, coherent dual 7 AE L - AL ~HEH L (CD-ELDOR) %
Bruker Biospin L& dLRIBEF L7z, X 2-2-1 121X, B 1 574 AZ o NEFREE Q-3
R probe head DAMBIZ R, ZD1%, 1 SEEDOVERET > 7 (IRIRRENRFH O KIEIE &) %
IINDT=OIT, FTIERFMR SNV ARF BT TAF AR NG L, A7 AT+
—RtEEHLRIBRE LTz, FERFR T A A ALy LT, PO LTHS (K 2-2-2 &
),

—J7. synthetic electron spin—qubit OIS ARG T D213, BT T



LW A7aEBNE R THDLH, NI LEE T TORRORSIEON —F4 712X
ST, v A7 JE BT, Q- U NEHR AR H LT, $6- T, Wb SRE, EisEik
HED 1.4 K TR TEDZEITRY, K 2-2-2 1R T, Q- U REHIRIRA~ID L2
Wy FAFAE ML LMD mWEEE TH D,

2-2-3 \ZI&, coal o7 T HONWT IRy 7 FRUTEDEBLZ, Q N RvA7m
Wz 2 JE I EL R OFE R ARHIE O EERPIFEMLVZ R T, 25 2 B EDOMAHZEDN, 27 A vt
THLEDLENDED T, ATV — =5 1 A, OAE  ma— (5508, A voRi%t LT
EE) =T DRIV B I TNDIEND, coal NOD R 5E AL HIZ g4
A5 I OFARL A HE SN TWNAZEZ T, (AL AHBHIEIS I TORIT U, Avo
FAE CIRFFRIZZ BN 352 813700,

Coal sample; v, = 33.594081 GHz

Av =10 MHz

0o 2 3 4 5
Time/us
Av =1MHz
0, ,,,,,,,
0 2 3 4 5
Time/us

2-2-3. JEWE DRI DEA AL O NHIE STV DR /R, A
vy a—oiiEihit, HERIE. coal sample ORISR T D,

BB~ A vy 85 E OGS D2 &2 8- T, coherent dual
ELDOR(E ALy — @AL' Z B EMT RN B LI L2250 T, Ta—k—L
VAR D443\ synthetic electron spin—qubit Z3E AL CTEFLIE, CD-ELDOR $4ff
TH electron—spin entanglement M4 kAFEH CT&%, CD-ELDOR #E &%, BHIDiXE



FEEED DR /3 fRRE 2 KIEIZEGE T D72012, 40W OANERAHT Q /N F TWT ~A 271
HEIR AR A E AL T, 100 f50 & 1E15 T\, BB E A4 REEA qubit 127 7F
AZFHITUE FEHNIARRE THLDOT, SHREGIT X SR EEEHERE RS2 40-100
FBEORMNER/LLEDR D,

A CREST 3V NTiZ, spin qubit OALFRHIFEIOFENL I, qubit D entanglement DA A%,
ZEEICEHMN T A B ER I L CEERL T/, ZOWRIZB W T, & A
VEBEARE Y qubit BEAMIZH o TER LT, B — A (KFEFE) DL
entanglements NH, BFAEL DAY ) — )L EEERPICGEA T 52N TEZ, K
2-2-4 |Z1E ., B AL L DAL ) — N AFEH LT SV AR RO 4 n B D2 A 57 8
774»7&7?“0 T U BE (A7l D OV AR) OB EL T, EF AL ==
—DIREZ A HUICH VTNV, @y TR U EZEIET DTV AW, 0y IZE A
EUEBET D Q NUROIE~ A7 O LG JEE B Ch D, A — /L OE B

T+ AL qubit 25 TeHE Ll entanglement 2L T CEKINTZH D THHZ LI
EHICET S, FREOFERRIL, KFBEAE L (7=1/2) IZH L THITHIZENTED,

(a) U n/2 7 echo
109 deg. T b1 oo,
ﬂ 03, (112) a)lz(nIZ) 4 ﬂ (n/2)
h b

f =—3cos(6 +5)+ 4cos %2 4 const.

v=33.67284 GHz
B=12009T
T=50K

0 0.1 0.2 0.3 04
tine/,s
ESE signal intensity as a function of MW pulse length U;
(b)
P, (27) P, (2;:) / \__':-.__/"
1) ) ==L

2-2-4. FEF AL’ qubit DAL ) — LA E BRI 54 - ?4’%1/&
7V AR (top) EEE AL L BTy IRERD T o OME o T RIS EXIT
JEHAMEZ R (b)), B AE  =a—(55((a) F),

g—tensor engineering T4y fix 5t L. il # DE AL qubit IZKL CT 7B ATxAHL
W25 FAE 3R (B 2-2-5 (RT3 1) IE, Jelc® 2-1-3 @ top IZHIRLTZAS, &
F AL ILIRE B OMIEL — @ikl AL MR AAERICED ATV 5y
Zd% solid-state 7V 7 /L RICBWTEUHITH7-0121%, N ZEFEEH kD ELK I E
W BAE A ZE RS DML ERNH D, DT, MEDOEV BN R AR E#L 7=
FFAC L RENRILKERT DV — MR T HIENEHERAT YT Thd, AW T



BAFESNT 0 FAE L RITITE T ST, WEREEL THOETHIZR BB 1 E72I3HE fb g
ENRIAS =D 7 b T D, FRE?D biradical 135y D s EEE L TR KRR PR & AT
72720 DT, B HFH FLAEA K OV E R OB EA/EH S A 358 AL U1
SPGB B AEA %2787~ genuine g—tensor engineering ZHi L7=45 AL % Th
Do

d17

2-2-5. genuine g-engineering THrfikat L. FHRICAEK LT
2—-electron qubit R4+ D4y,

o Side view

2-2-6. Xt~ d% two—electron spin—qubit 2T eiEEE CRAME T NIZ
BiAte, 5 3 HARDBRAN b (1a: X 2-1-3 B ) . ASHAH B AER T,
D T/IEL | B AL RS IGR A BEAEH O 100 /3D 1FEETHS,
it e A DX, K OV AL oy S B ARAME - HICE, B
X B TED A AL, 1 A ET 2 (T 2-2-7),

2-2-6 I[ZB VT, RITRTEFAL L H A (TEMPO) 1T, FH AICKRE RS
g-tensor CRHESHTHNTNDIEN, X 2-2-6 2 BoyinD, K, 4 RO RKHITTRT IR/
BRIE, SEPER ARy D C=0 YA T+DIEFEIR T2~ PRIFH (F2i3H) TR U»
T =TV OHRERIL, IV RFT VI (COO) THD, INVRIF VAT —H>D7
=L U BR (NRUBUBR) O T EEZT 80 I K5, ZD two—electron spin—qubit 1%, &K
NCIZEE 3 HRIZEL, @EIC ) TR SN0 T AL U I IA L BRAE R 70 R AR TC



BB,

2-2-7. genuine g—tensor
engineering CToyfFaXat L7z
2-electron qubit 24+ (1) 2%
%@FEE%%WT@EEW%#HB?EH}
a, b, c, & DORARCEIMITRT,

X 2-2-6 |\ 2R 9 S MHE AR ARG 1112 500 3 D 1D B THIA T~ 2—electron spin—
qubit % (1) (X 2-2-5 M) TlL, B AL BB <A AAER TV i, g
}:03%5% DI=D IR T DRI D FIETII R TE 2N O T, Q3 F4—LAELD

RICE> TR LI (X 2-2-8 BH7)

/2 7

T[]t T Ty
Vi : /’

|3

| %)

2-2-8. 3 AL VR 1D E A AL IR AR A EAE TV aFEER Y
IR T-. 4L ZAELDORD L ARSI,

Biradical 1 DRI/ NTA—ZT BF AL B OBKEI PGB BEA/EH DO R EXX%
FT W E 8D =—12.3 MHz, £ =0.03 MHz, ZHHH AR =-0.09 MHz
Tholo, ZNHLDEIX, 77 F AL 1O & AL PR E & O i 2 LML T

By INBHEETT X TOMKRINNT NV E T, B AL EAE R EEA [HE TX
%, A A B BEAER EBA T 5, BIHIAE EAEAZH 35 BEDEENTE
LTCW572DIZ, CNOTS —MEEIZIHE L=, s ORI & AR IR HE %S:#%a“éz%
N5, A /Ela;f%@fﬁ 7R RESOBMAMHEBEAEH N FET D, EFAE Y
2-qubit A TIX, ZOWBIBERITET TENT . NMR 7 & 7o a—X 3R
RWCEZ2 D LITEE T AN ERS D, b7V — 7, B ZRCNOTSY — MifEx
FEHLT IR, A RO T X TOMKIIE EEAZHE ST 200 1akat. LU
MBS E BT HRENEETHD, 2O LI + AL R EL T, C—centered
biradical SR 2MERIIZ72D,



2-2-9 |2, 2—electron spin—qubit 3% biradical 1D FEMZ2 AL I RBEMENT S, RHL
T F SRR COCNOTY — MEEDRE KA 52 %, 77 1A 1TiX, addressable 72
TEAF ALY qubit &, FRELEH GO TRBIL TS, FH, o Jeo BRI 45 28 « oS 15 =
RIMVTIE, fl 2 DETF AL H AR (TEMPO) O4EBRS L, R, FETENEN
XANL TS, kAR TR WA E=F— L THRLNTZ o 7SV A AL
—a—7 =y (RabiflkEh) 23R IZEBIHIS LTS (bottom, right), 2D ==2—7—3
A%, solid=state 7B T ILRDLT T AL DEF AL qubit Z{F->THEBLU- &)
@ CNOT 7" —MEETH D,

d17
1 d17
O,
* ,C O\ ’p
O®N o) ,CO \ .
0 o) I5N-0

| | | | | |
1204 1206 1208 210 1212 1214 1216 1218
Magnetic field / mT

Rabi-Oscillation between |, . and '~

W

Ucnot =

Echo Intensity / a.u.

O O rr O

E' 500 1000 1500 2000

Time / ns

A
T pulse: CNOT operation

2-2-9. 3 F AL DE LA L 2—qubit R T X 7-H D CNOT 7 — K
Z L7 Rabi #RE (FIX., £),

2-3. AL £ TIZ, synthetic matter spin—qubit OFEZTED LT scalable 7R E A+ A
VU RAERRE - AR, ZOBEICK T AR OuRRE A BT A 2 L



scalable qubits DRESRIL, BF o Vo —F OEHRZ BT 3T qubits 2N E.H
THIBEOMBETH D, BRI DT 7 r—F L LT, Seth Lloyd I3 addressable
RERBEORETE Y N EHERT 50 2, spin qubit EHIRD 1 ke#HET L%
BOWEFNCIRE L7 Z L 13H4 TH D (S. Lloyd, Science, 261, 1569-1571 (1993); S.
Lloyd, Sci. Am. 73, 140-145 (1995). ), {i[#f « (L'} - dL)IIHIX, 2@ Lloyd E7 V%
Brarsa— X IZHEETLIRETRIEAZHRE L, LIRGCEHET L Th 5 (ABC)n RIZ
ML TFENENOETE Y M5 16 FEO VAR E A HET 5720
T, FHEKHA N O 1R TLOAREL LT, o T, & RO MR
HIEBHIA Y — KT v 7HHE LR & &2 L7z (Y. Kawano, S. Yamashita, M.
Kitagawa, Phys. Rev. A 72, 012301 (2005).), L2>L7enn 6, ZOAHZ Lloyd €7 /L
ZIREES % spin qubit RANME R (matter spin-qubits) & L CEMAAIZIRE SN, #
BRUZER SN Lk, ZHETRY,

—J, TTICHBREZL T, HFOBEFAE % qubit &3 25 KRR AIL,
B RALE AT OB Tl bIES B L7223, 1A B qubit I28H 2%
FAEURIF ERROAEOREEZ w57 Ve —F L LTHEBEINTE T, &
A B qubit 2D ABC % addressable (24 2121X, A, B, CIZETL2ETFD g
TUINERED X DITERET D 2 ENMETH 503 (g-tensor engineering) | 4 [E]
— FRE X PR & A 7 AR LT FEFR9IZER T L 72 metallo-helicates (4 )&
AFENEAT DY v 7 AMEEE S OEERS . K 2-3-1 ) ZHDTHRK -
HiffE L. g-tensor engineering 23 £ L TV 5 Z & % X G IENT K VB 2 o4t
MEIEIZ K- CREBA L 7=,

7
g
% y
&
y
z
y a3
X

non-equivalent
g-tensor

° = metal cation

“ESERFMEEZRIH LT, BFAEY 2L O&8EA A DE Y Oxt
P2 HfE4 5. g—tensor engineering 7 7 1 —F

2-3-1. AV =4 I &Y —/L(Bim, Qim, Sim)&ZE N+ & %, = HMEFEG Fiks
2o, Lloyd &5 /L DEF A E L qubit filt,

= HEIRFERIFMEDEIFIC X - T, RAfE 75 b O@EHiA 4 D g-tensors 737
RTHRR D20 TR e E SR T2 D ITHRFED & < 11 & (chirality) 23872
HHFES S TR HBECE, 2R ENAEATRE~DOIEN RIS,

OWFFERRR DA B IFFEN DA

AR CREST OMFFEEREIZ DWW TIL, 0 FAE Y 2, 3-qubit RDOAHHL, Q- R~vArnm
B SNV AEMT OB LA FEAR &7 — MEEO AT EBL T2 828, BPloH



PEA R CETZ, 43 T aticd > T, solid-state RIZBWTT ab—L U AR O
DAL RN EBRINDAREM L HY ., T2 TROIVZERIL, B AL qubit M D%
I PRI ALY & 2 A 9 2ek e HEEHIH % 5-CT& 5,

7~ Scalable qubits DFEEEOFEIT. 4 A 9T qubit DEMDNE H L WA E
THLIN, i3 FAE U NARFKHIIC tailor-made BIIZFRFF B CTEXDH] R A2TENL T,
Lloyd EF /L DEF AL qubit version DT N A T ZRER T HIENTEXHILERL
7o 22T 3 DO RIRNDE T AL L Dg—tensors %, Efamil)7a = BMRHE R k2 F)
LY EFa7 7 a—F 28 H L7203, BIE& JEA 4 D g-tensor D RFTHI 724 & 4=
RELTOREIED robustness 1%, #57 TL 7RSSR L T0D, BRAA
57 1R CTROIVIZENGRIL, 412, ~A7all VAT ORE M 73 fREEN AT Tl
SNBITHEN, ZBHAE AEAE AU RV 7 4V Bkl 2 IR TT 7L — 2% F
L7 i 50 A Bld ] (B B A A & te) D385 L CLHRED tallor-made B D43
FEFHIE LD E b,

DNA /X778 — 2 N OFEEI K B HE G & EEEE L7z, 43 7 AE"> electron spin—qubits
DOREETIX, DNA2HEIEFENITY TAE L ZfEASEH2LI2E0, A%h7 g-tensor
engineering 23 FREL 72 H[ STk : 66. K. Maekawa, S. Nakazawa, H. Atsumi, D.
Shiomi, K. Sato, M. Kitagawa, T. Takui, and K. Nakatani, Chem. Commun., 46,
1247-1249 (2010). 69. H. Atsumi, K. Maekawa, S. Nakazawa, D. Shiomi, K.
Sato, M. Kitagawa, T. Takui, and K. Nakatani, Chem. Lett., 39, 556-557 (2010).]
ZO%E . MA AN A RREIC I > T WIRR TH AR B 7R #) 4 S e L7 i
AR E AT MV HBLT 5, 6> T, =hax U NIV a7 a—7 LT, 2EIRED
RIRPEL R TR & QA FRE) PN G L TNDIEN T Iab—Tar b BN
FTHIENTEDATREMEN D Do TN IUE, B AL L DVY — A& JBAF U NIKAF
L72W, Lloyd EF /L R&##ET%5 LT, DNA NuZR—2 NI, EDINTEEED Ly T
AV BB IR BRE G E S TS EAZEN TELNDOIREE LI LN TELEMFFEN
Do



4.3 A=V TUMETHEA (BB KRE NETLV—T)
()BFZE I N o Ok

3—1 BRI TFORIMERICEE T 5 — M ELRR O b

A =TT NI B R ORI AR AR UDICH T2 T, LERY B Y — ZADOFHILE
FRH R T D, AFTETIL, B E DO FEARMN &5 AT O RH AT e A a2 B
OME % K72, MERR) Y — AL D E BRI — R A7 OB RS R+ 5F 2 ARE 15,

BFEE EHERO GG, AN E FH AR MR =2 IERAFRLL TEBIND LD
ETHS, L, Shor DT VIV RX LT FEZ NS, T ab—L U A LI =X )it B FE 0 E
WAL ENA LRSI, BRERAZEOTZO A E OB SIS C THRARFZ F O REIZRY 2 EmW
FEENBERENDD T, A —F 7 NV B ADERN AR ChHE THEINT,

ZHUTHL T, A0t B HEBROZ OB ORIBIZE > T, WEMEEN - EDORMEIIT
FAUE, BN E TRRVT EICL > CA =T 7 N B AN FENIC AT RE THHZ L (Bl
ER) DN RENT, ZOZLICks T A —F I N EFEEOEB REMOM8EIX, Fae—1
VAKX ORRENHEGBE A7) T CELINEINEVORTEIDIRE SN, — 7, TAae—L &
2 BRBEA~O =X — BRI R T 2800 eb O L& Il E R E CFH B E 1BV THlE R
EDORALREZR AR BAE IR T 2B b OBFAET D, B 1L, REOIGELTab—1L R
REE DOEVMELZFI R T2 L2 X0 T AERZIHI9 25 ) 2 TR REND EB 2B
TWD, #1E, HIERED TH AEAERZIH T 51 ZE TR TERNEVI DL < R3dHY |
ZOVV = DfFRANREEE 5T,

ZOREEICH LT, van Enk, Kimble, Gea-Banacloche ST R &L BRSO
MEEHTEAE Y MMHIET 5 Jaynes-Cummings &7 /WZEBWT, BRSO REFFELE )
DA AL R T A — L U ANRBINDZ LA BGNI L RRZEENHIEIL OB B35 2
&L BREDORESIIANROBEE B CERSNAIEE LT 2 DO ThHZ L EN NIz, T
(ZXFLC, Itano 13fEFRNET VOB FITEKFL TOBEHLHIL, itz o7-,

AWFFE T, ZOFOfRIZE—>D HEEL LT, HlEREOM BE/ERICH KT Tae—1
ADBEFF LUK DS E R A Z SN T D200 DT ATRIF LRI E 7 A ML L T-,
BT3RO BR ) DI LS E THHT-DIT., RO AT B EE, RO 5L
ERARIR WG AR RPARE THLEVOREEZ A T OUNERDD, DI, BB vhe
I 2 OFE BAE IR 2 2R AF BRI 2 2L T\ D, ZOZEICER LT, HlEHEEEH o'
IWEARE LW T A AEAER DN 72 T RAFIERIIZ I 2AREL T, 220D AR Al et 228
IEAMENL S DT AW E LT, ZOMFE T EIZL > THINB® van Enk, Kimble,
Gea-Banacloche HOfERAZFHITAHZENTEIUR, HIXCZFDOREFRDET L OERO S ITHEKAF
L TCNDEWOPHZ 32T 5281370725,

DI IFENFIRETHDHEVIHI AT, & HIERR TH<OLHB TS Wigner-
Araki-Yanase OEFNSESIE, 1960F I GEHSN-Z 0 EF Tl HIEM BA/EH OINE
HIPRATF B L FE P B B D TEME 72 I TE ISR AT REZ2 Z DV RS AL, £ DREZEITE R E OV A
R (PRAFE DSy (I B3 D ENRIB S LT,

Z DO TEHE N R EME RIS D TIIRWINEWD) TARDN G 7273, 16RO BRI DT,
PRAF RN BB L7 (BEELESZ T 7200 JIE TlE, EEFE R a2 B B DREZEN IR T 5 &
WP JET DRI LMEL IR o T2, UL, Wi L/MNEO R ERXOF RIZE-> T, £<EiLZ
ST IRNE DORRZEIT T BT DD Tld7eL, BELAZ TR W s O Y HPNREEOROLE 1T
BTV FENRAS I, ZOBREN D Wigner-Araki-Yanase O EHZ E EMIZHD
T D872 R (Wigner-Araki-Yanase O EELO E &ILAF) NEHIZE ) ND,

ZDOE LA S L2 CET, HEMAEMEH B S OB HHBEINOTZ — ROk EE TR
ROBFFEDED S, RAFIERZM - HIEINOT — DB T 5 R Al lEreid A4 R0
KNESNTZ, Bl& KV T, Hadamard 7 —FDEIEIZBIFTHEZEAXNELNTZ, ZHHDK
A3, 20024E03 520044120 TS AL, 20054 B AR D A ZE 5B ORI T B Cui=,



20054121%, Gea-Banacloche *®IL[FEHFFET Hadamard 7 — 33|21 HEEAKE
Jaynes-Cummings E7 /LIZiEHL T, SRAFAIZZ T BELNI AR ET T VOB 2 B
Tofbime a2 iR L€, =X — RN GE NN TR 2T, B ) EEBGOMFFELE D E
PR ZEL RIS CTHHZENFALICENTZ, ZOZ L2V, Ttano ZEOHEHICH ST, van
Enk., Kimble, Gea-Banacloche HDO#ERD IS HERHGNNI/2-T2,

20064 121%, AR EDILFSETEL DS — Dl Z— DD/ VA TIATHILNTE e
ZENIRENT, ZINVETOMNZE T, ab—L U MRIBIZEB T D EMRG IC > THIfIEN A1 & B Y
r EO &V EREOBROMERITZ ORI LT 22 ENH LIS, NETFE YR
LA — D& HEREZ R — ORISR T2 A 1T, SEE N FEE NG T D0 ERHHT
LEIRLUTE, o T, —EDRVIEFE TEL OB TIREEITIRITDDR/INDO TRV F—X, Zi
OB —NMIBW A 352 M TEAnZ D fms b,

L EOWFETIE, A e R ERZFIH T 5720 FEERRTS —MNEEED ERTHEZHNT
WIEHS, ZORFGE S 1EZ NOT &7 —MI#E 328 BRZERADELRN VO RTED BT,
ZOREE RS DT R A OIS — R BB ST L WIFE B2 B L . 2007
I, BHRERE B AR THAE VR ORAFERIOBET n & FE YDV A XEFFOHER T
NOT 7 —ha 3283 DR BRI (1/2){1-cos [2 n /(n+D]} FRETHHZENED
i,

INETOMFET, AL BBy ko Hadamard 7 — M fEE) BRFEROL LTI
T 55607 = MEREE (1067 —NRFEE D225\ - fil) O — &I F IR, A E
JFREDRFOI, Fio, N—REEEEIZEI T 5% 43T NOT 7 — hOFRZERER D FIRBMGHA,

WIZEO DT I, ZNHDOMFE HiEE W AEBEORFIERIOLETEED 1 &8
VNP = DI ZBIT HREE R R E OGN THIETh o7, ZOWSEIZED, EEDO=2=4)7
—h Us ZAEEOINERRFE L+l OFEOLETIETHE, sz —toa=4]
77— Us Tk 2IEEED,

B=sin2 (0 /2) sin2W¥ (1- sin2 (0 /2) sin2P)/(1+ o (L/c)?)
PLETHLZEN GO, 2218, Ls (TR FEYNRORAF &, LITHIERORFE, TiLLs 2
1% 3% Bloch ERD[al#A#RE Us 23 £k A RlEREHE O3, 0 13 Us 234253 5 Bloch kD
[mlisf (Us OEBAMEOMRADZE) | ¢ 1d Ls DALEOIRREIZ I A HE(R 22D e KAHE (Ls O FEA
EDZEDRERHMED 1/2) 2FKT, —F | Ls D[alixHh% Us OEHRHEOJEIZ 0 [FIHRS 72 il & [A]#iR
SEDHTOD Ls OEHRE DRI DA% 2y L3 5L, ZOfEIL, B=sin2 2y /(4+4 0 (L/c)?) LE£TZ
LHTED,

Us DEAMN 1, 77205 Us N H C B DOGAIL. 0=n72D T, B=sin2 2V /(4+4 o (L/c)
2) PELILD, ZOFRERIZED, AE L 1/2 OB TFEYN EOEEO=4)7 — A N/2 %
DR EDEERAZLE R (DFY A TO VI DOWTEERID ALY SE2) A HAE ] THIET 54
AT 0= 0 = /2 OBFAITIEBIEN sin? 0 /(4+4N)LL EIT72Y, n/2=2 0 = & OHFAIC
FEBFEEMN 1/A4+AN)LL BT 5 22 RmEnTz, TH~—/ 77— NOT 7 —MNIO0=nD
AT, INOIZRL T, FEREED 1/@+4N)LL EiZ725, ZhICE), &2 CTo1EFE v N
—hMZH LT, AEESEORFENNS, 7o TDOAE L B HO2F (I ILH 57 — R F24E
DASALREZRFRAZDNE LD ZENR BN IR o7z, DED, ZTNHORREDNE N O T IXERR
RRAAEROET MZEDD TR — BN T DIRAFERNCIE SO D TET /LRFEED
BRI A SNIRMRARI 72§ CThHZ LGNS,

Fio, 2R 7L —NEMYG O BAEHOLOIZ Jaynes-Cummings E7 /L CrlilE
NHEEL, Ls=0 2 L=2a'a THY, HIHRORIENS A5 n Oae—L U NREEDS A
c=1, o (L/c)z4 0 (a'a)2=4n, L7225 DT, B=sin22y /(4+16n) MFHND, 72720, 2y 1%, z il
% Us O[REREHO JF VI 0 [AIERS W7l S AR5 R10 z #iE ORI O A Thd, T ak—L A
TRk A 2R N HY , ZORFIUCE GIZEE CEHEMFFT DI LT TERWN, R T
BB DL BE— DR — U —2DH & Tl RENER D/ NSV NE R 12 KD i 4
(AR D HZ LD TS ND, ZOZEIE, 24 QED 2L DYtz 4l k0, NMR %0
B IV AHNEI D 5 M [E— D TR — U — R CHIFE O K FE BN ERSHHZ &0 &



RO ZDIS A THO & JE DB MEZFF ST L LT I TH D,
3—2 FHEEMEIFE LR AN BT R MR O

Wigner-Araki-Yanase OEHIT, HIEFHAAEHIZEE T 2IMERIRFEIFAET D5E . T4
CIE T A7 W R B D B AT RE CIEMEZRIE X R AT RE THHIE& EIRL TD, AHFZE Tk, HI
TEIEE DO A—FNKERE R RETH LI EEIEL T, ZOEHZFIEMRFREICIEL, #iE
A LRAF B L FE AT A7 W B B D A T RE S IX IR S22\ — R DI E DA AT REME A FERA L 7=, BT,
FVEMRAFEDFET 256 OREICIBIT L FE) 2R GEZEZD N RE2 KD | FhEE/NST D720
2, INERRTF EOGA TS E RICE NIRRT RO D E /NS T DM ERH T3,
BRI B O A ITE BRI GEHER 2 O X T D) 2/ ST 20 BERHHZE D
U7,

BHEE O REDOHABHRIZOWTOREBIEDT-D | BT ¥ R E ENDHIEHEE ST A
—XZOHEERMEEER(LL, ZORMBIZBTL=Z 7 VA NZED Fisher E#HEOH K%
BB D2 2ATV, 2L UL RODIEMER T A= HEEIZB T, R D EIRAY 3/2 THD
ZEEFEIAL, Fo, WO DFNZIBWT EIREERR T D&M E R DT,

BATF v RVCE ENAEHET ST AL HEERIED N RILEEZ B2 L, —KI2iE, & KD
Fisher {HF#HEAED720OITIE, ATPKEELL T NIKROZHZ TNV A MM BEZFF R EEL
FIRA L2 U2 B700 08, HEF DS BT v RV HORAIRDIE, =2 Z TR
UREFRI G287 S FRTTREZR AJTIREEIC W T, fix KD Fisher 1M ENEONLHZEER
L7z, 62T, ZO X BBITIE, fili7a 3T A— 2 HEE N EER TR R 5 [ 17 b b
LR TED,

3—3 FAIYX LD AFE

B arvt o —XOMEE oI5 EH 70X, B O v a—X ETEEST 5713
RLENT RIS B Ea—HEHAOT AR L (BT NVIVRL) ZE R LT huide b
Wy BT TIIVTYRNEL Tib A 72T VTV XL, 19944E12 Shorlz Lo TR ESNZ KK
S RAEZ S B+ 7 TV LE | [FICHR SO TR R I BB E A i &7 v
A LTS, 20014 Naturel 25 FE S 7253 [Vandersypen et al.: Experimental
realization of Shor’s quantum factoring algorithm using nuclear magnetic resonance,
Nature 414, pp.883-887 (200D Tli%, 15 % 3 & 5 (Z4fi#7 % Shor OREREET /LY
AL, GFF A EANZTFR 2 — Y MR TFarta—# ETETSh, Ll 2O
TETENE T NIVRLTHOLNZ & FRIKIL, Fa—Ey MEEEREERNOTDIZA
HTHREEICHOE TREFSILTEY, 16RO E K iF T AL AR & 7RI IZIZ -
TR, 22T, DAV B farEa—4 ECEET S, IV TR & 7RI ORE
FiEE IR LT,

HDFACBEFarta—4 ORI, @O REKERRY T o —E Y ME O
HEAERO B2 RN THEZIT), ZOXIRET /MTRITLEF RO FEITIHIEI SN TR
Lloyd (Z&5cE 2 [Lloyd: A Potentially Realizable Quantum Computer, Science
17, pp. 1569-1571 (1993) | D3HBILTNDN, IWE D &[Gy F AL Efarta—
X L&A B~ O R A e A #5752 [Kawano, Yamashita, Kitagawa: Explicit
implementation of quantum circuits on a quantum-cellular-automata-like architecture,
Physical Review A 72, 012301 (2005)] T/RENLTWD, ZOEHE VLR, —D &[]
BRANRARy FAC  'mFarEa—4 EOTNAVZNIEWRT HIENTEDIZD | B
72w R O ITIEITI R DB R a7,

A Z BT 72D I WSS & Fourier 2413, Shor D7 /LA VR L Thed B H /2 #
TECToH%, ZOE+ Fourier £MAMODEHLESIHZ HZLIZLY, Shor DT LTV X LDHLIED
AIRETH D, AWFFETIE, — Mk Pauli FEOIERLEELL TEFRSNDHILE Clifford FEIZIER L



770 ZOFLH X, (DIEFE Clifford #1X&+ Fourier Z#i4& £ 45 THY, Shor DT /LTY R L
O BERZ PRI TE S, (2)Clifford #EIX &1 =7 —FT EF B ICHOWOILLT2D | BFZERCR ORI H
D, BLNE 73T EORFHICH TELREM 2 B 5, (3)Clifford #EE HWD LMD
WS 8(E 7 a2 BB CEHIENMLIVTEY, &R UM IS FEFA A, 72
EThs,

Jrig Clifford BHEOMEEOERILE 42 DOITHIORITHHESIL, TNENNIHIT, &
Fourier Z#DYLEE 2 DOR AT OFREIZ DR TCEHZEN LN TS, 22T, & T
Fourier ZHOJLIESIL, 0 O &1 Fourier Z#ia 52173 5 & 7RIS\ C, HilfE ] #57
— RO [BIHE £ 2038 Y 7272 T A S LTeb D Th D, 7035, 1l H D ¥ Fourier ZH#ACTlE, ZD#F
BHEE 05 1, WD ENT D5 AATHIA AL TH & 705 T D, 21 Fourier Z2#ADHLIRH )
VXN EIERS— oo [B14E A 2 A 92U L < EAITHIER S 1X B RS — R E I ElER 7 — RO FE
\Z iR HZENTED, ZOZEND, YEiE Clifford BEO(LE DO TE, B HIEEIZK > TR
\ZEATRIRERZ ERE CTE B,

WAZ, JL3E Clifford BEZ WV BT VIV LDOR 2B 25120 EIFEO BT /LT X L
DOER T IEZ LR Clifford BEO NS BB LT, Lk Clifford FfIL—M#{b Pauli #EOEHIAL
BT, L2 on TRl BFEE T e Z L2 RD | —fikfk Pauli #EOTa B DO—f%{k Pauli #EDi
[CEHT D2 LN TED, f 1 Fourier ZHh FWAALFHEE ERIC HIEICEY, =AU 8 il [
HREN - Z2oNDE, ZOEE OIS T2 z #h)E V2 [R5 5 & Bl EE2 AT 628N T
XD, ZOBEIZ—HAL Pauli BEDILEA72ZNAHD T, #4725k Clifford #EDta AW T, x
5 D Claldin 32 & BB 5L TEHITT Thh, EERIZ, ZOHEHE Clifford BED L
ELTE T Fourier #4438 /721073 Shor ORE iR T VAV A LTS, — )5, Shor
DBEBOS A Z RS T VT XL FARRIZRFE AT E D B2V, BRI S ENDE D
35728, 2 fOE T Fourier BRI L/2%, TORER KB RIVE L DF 2—E ]k
DB D,

Shor OEEBRIERIEA#EST VTV LA W R L, JL5E Clifford #4 HWDLL T OIH70 &1
TINTVRLEFHTAR B LT, AT O FIE T z @AV E RT3k Clifford #EOcE &
+ Fourier Z2#1% T x Bl SV DRI AL 72, ZO[ElERA O I, #BE Y MBI &+
WRROERH DO LRDLTENLRAETLIREEDBAVIAALTND, ED7 | REMBEZEETD
7212, BlDO&EF Fourier £z HWTREMEEZTVHL, ZUDITHELNIEZ A DOE
THSBEMEZ T 52828 ZORNEBELHET D, ZOEMEILET Fourier ZHAAISS G
IIARFIRECHY, Fo—E Y MIDE 2 DIRIRER > TS, L, Wil BT eiskE Clifford 7
DILELT, RERDFE A FFREL TEH B, MDD EATERE R RNEEIFE L2 T RS
EENDLOEERANR, T2 —E Y MIARCL CREEE I H T B EL [T 52N T D,
ZOFER H-ET NTYRXLTIL, Shor DT VTYR LA THIRNF 2—E MLCHEBON L
MIEZ RS Z LN TED,

RERUCBT T AVX AL, Shor OEEBOSERTEICK 27 VAV DL DL, FZRT
37D 2 MEFTFa— Y MIEZHITED, BH DA ta—4 ETCIOTNVAVALET a2l
—ard 5L 15 Fa—EvhE I Ea—4% T 62t=152 mod 173 Dfif 32 23R 70% T
Bonsd, ¥ FALFa—Ey IO B Fa Ea—F ¢ 84100 mod 103 OfE 3 3%
60% THOND, ZOIINTIRET VAV X LORFHEIL, @R TIEMED G541, Shor D7 /L=
VA LD INGONTAEZSHICH AL TEZZ RO DM BN RITHD, bodFa—E v ML
DO NMEIEL T, 8 Fa—E v hEFal B a—4 T 345 mod 11 Off 3 Z5t5HE 3 A
WEFTOND, ZOMBEDSE | —EOE TR CEMMFONLMERIT 50%L72D, ZDEIIT,
RET NTYALTF 2=y MIEHIL TOLKEERPIGONDMERNMETL, Fa— M ik
HoT LIEMEN LN DHER DY 100%IZ0T SNV TUWNL, BT VTV XL E AW TEZ 5D
KIKTH 8 Fo—bEVMEENETHD, TNIW/NERE T B a—XTid, EffE 713 5
RERIEfREH 1T 2MENRFRICLOLWII/R>TLEI O THD,

Shor @7 NIV X LD BHFFEEL TiL. [Proos, Zalka: Shor's Discrete Logarithm
Quantum Algorithm for Elliptic Curves, Quantum Information and Computation,



pp.317-344 (2003)] BELHBIL TS, 2O L TiL, Shor T /LAY R LD &1 Fourier 2
PO 2 3 L TR0 o — 'y MECCBERO B TR A iE< T LTV X LD REN TS, 125
TNFVRAAZHART, ZOT NFVRADITHF 2—Ey NI AL D 7oz D2 ENTED,
7272L. Proos-Zalka @7 VIV AAIL, Shor DT /I V X AELREREIZ, I HLERIZ L A% OEEMN
METHD, FIUTK LT BT NVIVALTITED IR BN B2 BN EESELN
D

3—4 BETHEHROE TR 5 ~D)5H

S8 1 AN TE MR VMO AR ER) 12X T FErH B & O ERR 2 LB ELO S & 1)
[RARNASNCEN, = Z 7 N ANERIL T, JEA[ a7 M HE B 2 FLE 7\ CIEREZR I E A
TEDAREMEDHI OIS, ZIVETARAREEE 2 LT LWEIE D AIREME A KT T2, — 77,
BB A~OISH T, WHEE OREIZITHIFI N 2D X5 7 — 72 Al RetEi3 g iF b T
WHEEZBND, ZOZEEALNCT D720, FE A /e W Bl B R E T D5 A & 50
ANZRFEAT T T, = 2 TNV AR CER WG AT, ZO IR AT REMED 72N 2 A B 5
U7z,

3—5 FERONLE ST

AWFGENX, AT —F 7 Ve B 5 E B R 28 5 DT 7 VARAT TS T I B BRI N
B> TARIINCIEI T DL HIZ R 7= A 72 F 98 ThY . Heisenberg O R M EE
DFERILEND R S AR IEE ST DAL, BUPR T IEZE W SE 5 IE DS S RSO
—EPEICB W THLOA TR L — T DB E TS 72\, BT 20F%8 L L Cik, DFS (2L A5A05T
ERHDH, ZHUTBRBEEOSZEF BAAERIZX 3250 T, Hl#ERORA 2 BE/EREx G L
L72FZEIX, ZNE TR -T2, o, K7 NV—T O 5 HEER | & 15 RIS ITH5RAFH K Y
AR DR IEDRE AN IR T2, BT RS2 ERRREL QD ETRHREEHERREL
LDV, RIFSEICROND, — O RO EEMEX, EESEOBAREER, Fril, MEabkE.,
ZH EBEREDNLALNTH D,

OBFIERR DA RIS DRI R
AWFFETIE, Heisenberg ORNHEENEIFELD FFE X AL LW I S RZ AU LI ST B, &
FREE BAHEOREORAZ SN D D AR M SRAFERITZ T BB
HEWD IR 7R AT ST 1R WESL LTz, B R HEINTZ T Tk EF B2 RIIRIGHE
NLOEVEHEREL THROEMD A END.
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v N BRI EREE e B IRERIEB L OFAN LEEBT 52 L2 HE L T& 72, #ut
D/NSWBEEEFRIEPICIE, &7y FET TR, S D WITIERIE O LRSS £
TSR O ARESICEB END, BRI F-E—A 2 MERFHOANTLR L L TOEEE

BTy N INOLOEWGE— REDOHMAGOEIZLD, A 7 v EiiRo &7 ky%E
B H ECERBIT 5 2 EARA T, BIEEE TE YN 2 OB DHNEZ DD RLF — ﬁfﬁé’
FOANTRFELUTHO, ZNABRE SR A KOS G R BRI LS B S LA IciE D
HETITFRINRA T,

Sherbrooke KZFEMDIL[RMFFETIX, Wk E Ty MBI E IR ZR O BAEH 2 PRER IR
FL, R LR ZR OB OFE G R EE N R ER O IR R E R A — & —ET AT ) IS &
TE ORI O [ EEM: A JH L7-(Bourassa et al. PRA2009), fE kDS 7285 AW E1 5 E
B CIIRIEOREECH =BG O EBN RS ND,

—J7, EBRCIIRETEY
M 1 RocOBIrE~ A7 al
i B AR AR R RS A L
(B14-1) | I e DB AT
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AFE—REIHE—RDZESR
e T U T EFEBIL, mREEE
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YERN AR AT A28 T, Autler—Townes . BEIEIZE K4 A EREE E %18 E £ <° (Abdumalikov et
al. PRL2010) , ~A 27w hife & - RCEE A D AERRIC KD 7 B — 7 = A 7 a O E ) K28l
L7 (Astafiev et al. PRL2010) (¥ 3) , 26D —H O EER T, A LRFLL TOBRERFE Y
"3 1 RITCABERBE ARG T D~ A7t tab— L U M EER T2 2R, (71
BT A= 7RI DEERERERVIDI R DOEE 25, W, BZER~D
TOBRBBEHTBEYEE T EyhOTab— L U AR EH/RENDHD, ERLOBGELREEIC B W
TUIHSETIL—L U MUBRDO—EE A RSN DT EN RV, AT 20 1 IROGE—R~
DR —FRFNRD DT ¥ R ~OFEFFR IS IO AR IR LD E T o L RE VARG
FHLTWD, 1L 1 ROCEMSE—RER, REROMITEEVHZ L7 ZOITHEFE A
L CWDIRPLII MO EL R TIEEZFEHRSN TR, et Tk, e~ A7 Tldid, 2L
A=Al w2 ZBRICE
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0.5} : -- 5 E— LV ARK T~ LI G S

S A o1 DERT SRR AL, BLAIRE
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LRI 1T 5 7' e — T REEIRE O R o SRR, () Aot
IRV AERESNTEKES R OF 2 TFHEMNIC L7 e —T7 hotE, &
WEREY 1 KO RELS RV TFA R GELNTV D,
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HWzi7Ey MO ERI7RYy SWAP &7 P P P
— N EBLT 57 1E%28 42 L7 (Koshino et al. - T
PRA2010) ([¥4-4), ZO$EZE TIiE A% 3 HELL r - 7 7 ED)L i‘mi
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BT RERICZHMNITHEHINLGEZANR

LN A THD, LROFRTHEED 44 POERIET - T
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BREN S 7o BB IR IR 28 2 O TR B -2 PO FERGEE B — R A H LICH Y
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HTCET, FAHURNR~20%, FEMIEEME~b50%DEA 1S TWD, FrrE NS ESNR W EREL T,
At UREICBOR BB Y MOSBIA RIS T NDZ 810720 DO REWE FTEANEFE v
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BILEE T2y B L OB E LRI BT 2 L0 @ E R B IRREHIEEZ B e icdhizn, 7
ab—L AR O LR Gl WIRE TH D, Tab—L U AL T EIC T RF
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Pulse-Based Electron Magnetic Resonance Spin Technology and A Chemists' Materials
Challenge”, International Conference on Core Research and Engineering Science of
Advanced Materials (Global COE Program) & Third International Conference on
Nanospintronics Design and Realization, Osaka University, Osaka, Japan. 2010.05.30,
oral (invited).

Shigeaki Nakazawa, Tomoaki Ise, Tomohiro Yoshino, Shinsuke Nishida, Robabeh D.
Rahimi, Yumi Yakiyama, Yasushi Morita, Tsuyoshi Murata, Daisuke Hashizume, Daisuke
Shiomi, Kazuo Toyota, Kazunobu Sato, Masahiro Kitagawa, Kazuhiro Nakasuji,
Hideyuki Hara, Patrick Carl, Peter Hoefer, and Takeji Takui (Osaka City Univ.), “A Few
Steps towards the Implementation of Molecular Spin Quantum Computers: Pulse-Based
Electron Magnetic Resonance Spin Technology”, Joint Euromar 2010 and 17th ISMAR
Conference (A WorldWide Magnetic Resonance 2010), Palazzo dei Congressi and
Palazzo degli Affari, Florence, Italy. 2010.07.08, oral (invited).

A. Ueda (Osaka Univ.), S. Suzuki, K. Okada, T. Ise, K. Sato, T. Takui, and Y. Morita,
“Air-stable Chiral Phenalenyl Radical: Design, Synthesis, and Properties”, 3rd EuCheMS
Chemistry Congress Niirnberg 2010, Niirnberg, Germany, August 29 - September 2, 2010.
2010.08.30, oral (invited). 2010.08.30, oral (invited).

K. Okada (Osaka City Univ.), “Successive magnetic phase transitions of (nitronyl
nitroxide)-substituted trioxytriphenylamine radical cation salts”, V International
Conference on HIGH-SPIN MOLECULES AND MOLECULAR MAGNETS and IV
Russian-Japanese Workshop on "Open Shell Compounds and Molecular Spin Devices",
Nizhny Novgorod, Russian Federation. 2010.09.06, oral (invited).

T. Takui (Osaka City Univ.), “A few steps toward molecular spin quantum computing and
guantum information processing: pulse-based electron magnetic resonance spin
technology and a chemists’ materials challenge for synthetic spin qubits”, V International
Conference on HIGH-SPIN MOLECULES AND MOLECULAR MAGNETS and IV
Russian-Japanese Workshop on "Open Shell Compounds and Molecular Spin Devices",
Nizhny Novgorod, Russian Federation. 2010.09.06, oral (invited).
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M. Ozawa, Universal Uncertainty Principle and Quantum State Control, Satellite
Symposium of XllIth International Congress of Quantum Chemistry “Material-oriented
Quantum Chemistry,”Osaka, Japan, May 28, 2006.

M. Ozawa, Simultaneous measurability of non-commuting observables and the universal
uncertainty principle, The Eighth International Conference on Quantum Communication,
Measurement and Computing (QCMC2006), Tsukuba, Japan, November 29, 2006.

M. Ozawa, Classification of Quantum Instruments, 28th Conference on Quantum
Probability and Related Topics, Guanajuato, Mexico, September 6, 2007.
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M. Ozawa, Uncertainty Principle, Conservation Laws, and the Size of Quantum
Controllers, Workshop: Osamu Hirota, A True Quantum Communications, Perimeter
Institute, Waterloo, Canada, June 26, 2008.

M. Ozawa, Quantum measurement theory: mathematical and conceptual
foundations,UK-Japan Quantum Information Workshop, the British Embassy Tokyo,
Japan, January 23, 2009.
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M. Ozawa, Universal uncertainty principle, simultaneous measurability, and weak values,
The Tenth International Conference on Quantum Communication, Measurement and
Computing (QCMC 2010), Brisbane, Australia, July19, 2010.
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Y. Nakamura (RIKEN/NEC), "Decohoerence in superconducting qubits”, International

Workshop on Dynamical Decoupling (IWODD), Boulder, USA, October 6™ (2009)

O. Astafiev (RIKEN), "Quantum optics with artificial quantum systems”, I.F. Schegolov

Memorial Conference on Low-Dementional Metallic and Superconducting Systems,

Chernogolovka, Russia, October 11-16 (2009)

H. Im (Dongguk Univ./RIKEN), Y.A. Pashkin, Y. Kim, K. Jung, H. Jung, T. Li, H. Lee, Y.

Miyamoto, Y. Nakamura, J. S. Tsai, "Interface dependent transport in superconducting

tunnel junction devices", 2009 East Asia Symposium on Superconductor Electronics

(EASSE2009), Nanjing, China, October 14™ (2009)

A. Abdumalikov (RIKEN), "Quantum Optics with Artificial Atom in Open Space", 2nd

International Workshop on Dynamics and Manipulation of Quantum Systems, Tokyo,

Japan, October 14™ (2009)

O. Astafiev (RIKEN), "Quantum optics with artificial atoms", 445th Wilhelm and Else

Heraeus Seminar: Quantum Measurement and Metrology with Solid State Devices, Bad

Honnef, Germany, November 2" (2009)

Y. Nakamura (RIKEN/NEC), "Superconducting Qubit in 1D Elecromagnetic

Environment", International Conference on Quantum Information and Technology, Tokyo,

Japan, December 4™ (2009)

Y. Nakamura (RIKEN/NEC), "Artificial Atom in Open 1D Space”, Waseda Meeting on

Quantum Technologies: Information and Communication, Tokyo, Japan, December 11"
(2009)

J. S. Tsai (RIKEN/NEC), "Quantum Optics with Josephson Qubits", 3rd International

Workshop on Solid-state Quantum Computing & The Hong Kong forum on Quantum

Control, Hong Kong, China, December 12% (2009)

A. Abdumalikov (RIKEN), "Quantum Optics with artificial atoms”, Workshop on

Superconductivity and its Application in Quantum Devices, Warth, Austria, February 28"

— March 7" (2010)

O. Astafiev (RIKEN), "Quantum optics on superconducting quantum systems", Workshop

on Quantum Physics using superconducting Artificial Atoms and Nanomechanics, Atsugi,

Japan, March 4™ (2010)

Y. Nakamura (RIKEN/NEC), "Superconducting qubits coupled to a transmission line",

2010 APS March Meeting Tutorial Lecture, Portland, USA, March 14" (2010)

Y. Nakamura (RIKEN/NEC), "Josephson junction qubits”, International Symposium on

Physics of Quantum Technology, Tokyo, Japan, April 6™ (2010)

Y. Nakamura (RIKEN/NEC), "Decoherence in superconducting flux qubits", Coherence

in Superconducting Qubits (CSQ2010), San Diego, USA, April 26" (2010)

Y. Nakamura (RIKEN/NEC), "Artificial atom in ID open space”, Quantum Information

processing with Spins and Superconductors (Q1SS2010), Waterloo, Canada, May 17"
(2010)

J. S. Tsai (RIKEN/NEC), "Macroscopic quantum scattering - quantum optics with

Josephson qubit", International Conference on Core Research and Engineering Science of

Advanced Materials, Suita, Japan, June 4" (2010)

O. Astafiev (RIKEN), "Quantum optics with artificial quantum systems", Mesoscopic

Structures: Fundamentals and Applications (MSFA-2010), Novosibirsk, Russia, June 24"

(2010)

O. Astafiev (RIKEN), "Quantum optics on artificial quantum systems", Nano Peter 2010,

St. Petersburg, Russia, June 27" (2010)



60 Y. Nakamura (RIKEN/NEC), “Strong coupling of an artificial atom to a continuum of
one-dimensional electromagnetic modes”, 10th Asian Conference on Quantum
Information Science (AQIS 10), Tokyo, Japan, August 28-31 (2010)
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R. D. Rahimi, K. Sato, S. Nishida, K. Toyota, D. Shiomi, Y. Morita, A. Ueda, S. Suzuki, M.
Kitagawa, K. Nakasuji, T. Takui, Complete magnetic tensors of diphenylnitroxide radical as a
molecular entity for quantum information science: Determination of their tensors by
single-crystal electron magnetic resonance and their theoretical analyses, The International
Chemical Congress of Pacific Basin Societies, The Pacifichem 2005, December 15-21, 2005,
Honolulu, Hawaii, USA.

K HF01T, Nuclear integrated cross polarization / Studies on MQMAS under strong rf pulses
using a microcoil, KFRKFE HEMHIEFTEI T —JVERRAERG RO 2D
L7 RS L — B L E R RRBER & — 1, KBRS A= WFSET, (2006), 7/27-28.
NS, 257D NMR Zffio7c & 7o B a— 2 OF5E, B0 TR ENMRIFZES . K
PR Ap A L2 | (2006) 11.2.

K HFATT, Alaptop NMR spectrometer, £ 45 [B] NMR &7me, HUE RS B A ARG ARD
&M, (2006) 11.22-24.

Kfw 25k, BHEFT, v A 7aaf 0% HOWiROREF R T2 2MQMAS DL,
%5 45 [a] NMR #ama, SUEBRS H AR R R R RR A, (2006) 11.22-24.

Robabeh Rahimi, Z5/EME, 1 RERIe, L)L, Single-experiment-detectable multipartite
entanglement witness for ensemble quantum computing, H A FLZEE 2007 FHE KRS,
JE VR IR, 2007 423 A 19 H.

M F1/T. A highly integrated FPGA-based NMR spectrometer, 25 11[E]~A 20 A A—
VTR BEER AR = v/ A 2007 428 J1 6 H

Robabeh Rahimi, Akira SaiToh, and Mikio Nakahara, Entanglement and decoherence in
electron spin bus systems for quantum computing, Asian Conference on Quantum
Information Science 2007, talk, Kyoto University, Kyoto.

Akira SaiToh, Robabeh Rahimi, Mikio Nakahara, and Masahiro Kitagawa, Numerical
evaluation of decoherence in non-classical correlation, Handai Nanoscience and
Nanotechnology International Symposium 2007, talk, 26-28 September 2007, Osaka
University, Toyonaka

Akira SaiToh, Nonclassical correlation useful for playing a game: quantum mixed-strategy
game, Symposium on Physical Realization of Quantum Computing: Superconducting and
Molecular Qubits, talk, Oct. 31-Nov. 2, 2007, Yutorito Higashi-Osaka, Higashi-Osaka.
Robabeh Rahimi, Akira SaiToh, and Mikio Nakahara, Entanglement and Decoherence in
Molecular-Based Quantum Computer, # 63 [F] H AR EL 7R K4S, talk, 26aRF-4, 3H
22-26, 2008, ITHERZFEH AP/ A

Masahiro Kitagawa,Akinori Kagawa,Yu Murokawa,Kazuyuki Takeda, Initialization of
solid-state NMR quantum computers by DNP using photo-excited triplet electron spins,
Gorden Reserch Conferences Quantum Infomation Science,15-20 April 2007,11 Ciocco.ltary
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Akira SaiToh, Robabeh Rahimi, and Mikio Nakahara, Non-classical correlation in a
multipartite quantum system reconsidered, International Iran Conference on Quantum
Information 2007, Kish, Iran, September 7-10, 2007.

Akira SaiToh, Matrix product state simulation for the study of quantum information
processing: An introductory lecture, One-Day Workshop on Topics in Quantum Computing,
Shahid Beheshti University, Tehran, Iran, September 15, 2007.

M. Negoro, K. Tateishi, A. Kagawa, M. Kitagawa, Initialization of molecular nuclear spin
guantum computer with dynamic nuclear polarization using photoexcited triplet electrons,
22nd Quantum Information Technology Symposium, Osaka, Japan (2010), May 10, 2010
I RAE, BRRMRICLOEAC o a—2OgHik, % 3 KARC-X E##;
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Masahiro Kitagawa, Hyperpolarized Hyper-precision Pulsed Magnetic Resonance towards
Molecular Spin Quantum Computation, International Conference on Core Reasearch and
Engineering Science of Advanced Materials, Osaka, Japan, 2010.06.03

Akinori Kagawa, Initialization of an Solid-State NMR Quantum Computer by Dynamic
Nuclear Polarization Using Photoexcited Triplet Electron Spins, International Conference on
Core Reasearch and Engineering Science of Advanced Materials, Osaka, Japan, 2010.06.03
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Transfer and Solvato-/Thermochromism in A Purely Organic, 6-Oxophenalenoxyl Neutral
Radical System.Z6[R] 7y - ALV EHEEL VR T A Al R 06/3/14-15

Suzuki, S.; Morita, Y.; Fukui, K.; Sato, K.; Shiomi, D.; Takui, T.; Nakasuji, K. New Ligands
with Extensively -Conjugated System: Syntheses of Nitrogen-Incorporated Phenalenyl
Derivatives and Their Metal Complexes. The 7th International 21 Century COE Symposium
on Intergrated EcoChemistry (COEIEC VII, 5 7RI[EFR21 AL COE B R 2 55)

2005 4F 12 H 20 H ., KEATAMFR LIV,

Nishida, S.; Morita, Y.; Fukui, K.; Sato, K.; Shiomi, D.; Takui, T.; Nakasuji, K.
6-Oxophenalenoxyl Neutral Radical Linked with TTF: Switchable Spin Structure and Color
by Control of Intramolecular Electron Transfer. 2005 B A VE7E [E B (L 272236 (The 2005
International Chemical Congress of Pacific Basin Societies, PACIFICHEM 2005) .

symposium No. 94 entitled "Molecular Switching", 2005 4= 12 A 15—20 H ., KE TAJ
RV,

Kubo, T.; Shimizu, A.; Sakamoto, M.; Uruichi, M.; Yakushi, K.; Morita, Y.; Nakasuji, K.
Design, Synthesis, and Intermolecular Interaction of Delocalized Singlet Biradical
Compounds. 2005 Bz A7 [E B L 52437 (The 2005 International Chemical Congress of
Pacific Basin Societies, PACIFICHEM 2005) . symposium No. 111 entitled "Designed
pi-Electronic Systems: Synthesis, Properties, Theory and Function", 2005 4 12 A 15—20
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S. Suzuki, Y. Morita, K. Fukui, K. Sato, D. Shiomi, T. Takui, K. Nakasuji, Syntheses,
properties and crystal structures of hexaazaphenalenyl anion as a new multi-valent ligand,
The International Chemical Congress of Pacific Basin Societies, The Pacifichem 2005,
December 15-21, 2005, Honolulu,Hawaii, USA

N. Mori, K. Fukui, S. Nakazawa, K. Toyota, K. Sato, D. Shiomi, M. T. Franco, M. B. Shohaji,
M. R. Lazana, T. Takui, Theoretical study of the electronic structures of fullerene C60
monoanion and polyanions in the high-spin states with potassium counter cations, The
International Chemical Congress of Pacific Basin Societies, The Pacifichem 2005, December
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N. Mori, K. Fukui, S. Nakazawa, S. Takekuma, H. Takekuma, Z. Yoshida, K. Toyota, K. Sato,
D. Shiomi, T. Takui, Electronic and molecular structures of supramolecularly bicapped C60
fullerene monoanion generated by NH3-gas doping in the crystalline solid, The International
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Daisuke Shiomi, Kensuke Maekawa, Mikito Nozaki, Hiroyuki Tanaka, Tomoaki Ise,
Kazunobu Sato, and Takeji Takui,

DNA nucleobases as building blocks for molecule-based magnetics

1st Russian-Japanese Workshop "Open Shell Compounds and Molecular Spin Devices"

June 30-July 2, 2007, Novisibirsk, Russia

Kazunobu Sato, Robabeh Rahimi, Tomohiro Yoshino, Shinsuke Nishida, Tomoaki Ise,
Nobuyuki Mori, Shigeaki Nakazawa, Yasushi Morita, Kazuo Toyota, Daisuke Shiomi,
Kazuhiro Nakasuji, Masahiro Kitagawa, Hideyuki Hara, Patrick Carl, Peter Hofer, and Takeji
Takui

Materials Challenges and Model Compounds for molecular-spin quantum computers and
Quantum Information Science: Guiding Principles for molecular designs

1st Russian-Japanese Workshop "Open Shell Compounds and Molecular Spin Devices"

June 30-July 2, 2007, Novisibirsk, Russia

Tomoaki Ise, Tomohiro Yoshino, Nobuyuki Mori, Shinsuke Nishida, Kazunobu Sato, Kazuo
Toyota, Daisuke Shiomi, Yasushi Morita, Masahiro Kitagawa, Takeji Takui

Search for electron-electron molecular-spin quantum computer model compounds: weakly
exchange-coupled electron systems

1st Russian-Japanese Workshop "Open Shell Compounds and Molecular Spin Devices"

June 30-July 2, 2007, Novisibirsk, Russia
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Tomohiro Yoshino, Shinsuke Nishida, Kazunobu Sato, Robabeh Rahimi, Kazuo Toyota,
Daisuke Shiomi, Yasushi Morita, Masahioro Kitagawa, Takeji Takui

An ESR/ENDOR study of diphenyl nitroxides and its derivatives as models for
molecular-spin bus quantum computers and quantum information processing

1st Russian-Japanese Workshop "Open Shell Compounds and Molecular Spin Devices"
June 30-July 2, 2007, Novisibirsk, Russia

Shigeaki Nakazawa, Kazunobu Sato, Daisuke Shiomi, Masafumi Yano, Takamasa Kinoshita,
M. Luisa T. M. B. Franco, M. Celina R. L. R. Lazana, M. Candida B. L. Shohoji, Koichi Itoh
and Takeji Takui

Organic pluri-anionic high-spin molecular clusters as models for organic ferromagnetic
metals

1st Russian-Japanese Workshop "Open Shell Compounds and Molecular Spin Devices"
June 30-July 2, 2007, Novisibirsk, Russia

Kensuke Maekawa, Hiroyuki Tanaka, Daisuke Shiomi, Tomoaki Ise, Kazunobu Sato, and
Takeji Takui

Hetero-spin molecular crystals based on WATSON-CRICK base pairing

1st Russian-Japanese Workshop "Open Shell Compounds and Molecular Spin Devices"
June 30-July 2, 2007, Novisibirsk, Russia

Kazunobu Sato, Robabeh Rahimi, Tomohiro Yoshino, Shinsuke Nishida, Tomoaki Ise,
Nobuyuki Mori, Shigeaki Nakazawa, Yasushi Morita, Kazuo Toyota, Daisuke Shiomi,
Kazuhiro Nakasuji, Masahiro Kitagawa, Hideyuki Hara, Patrick Carl, Peter Hofer, and Takeji
Takui

Molecular-spin quantum computing by pulsed electron magnetic resonance: application of
molecular spins to Quantum Information Science

1st Russian-Japanese Workshop "Open Shell Compounds and Molecular Spin Devices"
June 30-July 2, 2007, Novisibirsk, Russia

Shinsuke Nishida, Yasushi Morita, Miki Moriguchi, Kozo Fukui, Daisuke Shiomi, Kazunobu
Sato, Masaharu Satoh, Kazuhiro Nakasuji, Takeji Takui

Molecular crystalline secondary batteries: properties of phenalenyn-based on multi-stage
REDOX systems as cathode active organic materials

1st Russian-Japanese Workshop "Open Shell Compounds and Molecular Spin Devices"
June 30-July 2, 2007, Novisibirsk, Russia

Morita, Y.; Fukui, K.; Nakasuji, K.; Nishida, S.; Shiomi, D.; Sato, K.; Takui, T.
Trioxotriangulene: 25 pi-Conjugated Neutral Radical with High Stability and Multi-Redox
Ability in a Solution and Solid States

International Symposium on Reactive Intermediates and Unusual Molecules (ISRIUM)
August 19-24, Ascona, Switzerland

Kazunobu Sato, Robabeh Rahimi, Shigeaki Nakazawa, Nobuyuki Mori, Shinsuke Nishida,
Kazuo Toyota, Daisuke Shiomi, Yasushi Morita, Akira Ueda, Shuichi Suzuki, Ko Furukawa,
Toshikazu Nakamura, Masahiro Kitagawa, Kazuhiro Nakasuji, Mikio Nakahara, Hideyuki
Hara, Patrick Carl, Peter Hofer, and Takeji Takui

Implementation of Molecular Spin Quantum Computing by Pulsed Electron Magnetic
Resonance Technique: Coherent ENDOR/Dual ELDOR-Based QC

Asian Conference on Quantum Information Science(AQIS2007)

September 3-6, 2007, Kyoto, Japan

Shinsuke Nishida, Yasushi Morita, Miki Moriguchi, Kozo Fukui, Daisuke Shiomi, Kazunobu
Sato, Masaharu Satoh, Kazuhiro Nakasuji, Takeji Takui

Molecular Crystalline Secondary Battery: Multi-Electron Chargeable Ability Correlated with
Redox Properties of 6-Oxophenalenoxyl-Based Neutral Radicals

7th International Symposium on Crystalline Organic Metals, Superconductors and
Ferromagnets(ISCOM2007)

September 24-27, 2007, Peniscola, Spain

Daisuke Shiomi, Kensuke Maekawa, Hiroyuki Tanaka, Mikito Nozaki, Tomoaki Ise,
Kazunobu Sato, Takeji Takui

Bio-Inspired Molecular Magnetics: Hydrogen-Bonded Assemblages of Radical-Substituted
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Nucleobases

A Joint Conference of the International Symposium on Electron Spin Science and the 46th
Annual Meeting of the Society of Electron Spin Science and Technology
(ISESS-SEST2007)

November 6-9, 2007, Shizuoka, Japan

Kensuke Maekawa, Daisuke Shiomi, Kazunobu Sato, Takeji Takui, Naoki Shirakawa
Magnetic Ordering in Purely Organic Radical Crystals Based on Biradical-Monoradical
Composite Molecules

A Joint Conference of the International Symposium on Electron Spin Science and the 46th
Annual Meeting of the Society of Electron Spin Science and Technology
(ISESS-SEST2007)

November 6-9, 2007, Shizuoka, Japan

Hiroyuki Tanaka, Daisuke Shiomi, Kazunobu Sato, Keiji Okada, Takeji Takui

Crystal Structures and Magnetic Properties of Heterospin Base Pairs Based on
Diaminotriazine and Uracil: A Bio-Inspired Approach

A Joint Conference of the International Symposium on Electron Spin Science and the 46th
Annual Meeting of the Society of Electron Spin Science and Technology
(ISESS-SEST2007)

November 6-9, 2007, Shizuoka, Japan

Yuki Kanzaki, Daisuke Shiomi, Takatoshi Sawai, Kazunobu Sato, Keiji Okada, Takeji Takui
Molecular Aggregates of m-Phenylene Substituted Nitroxide Biradicals: A Solution to
Biradical Paradox

A Joint Conference of the International Symposium on Electron Spin Science and the 46th
Annual Meeting of the Society of Electron Spin Science and Technology
(ISESS-SEST2007)

November 6-9, 2007, Shizuoka, Japan

Tomohiro Yoshino, Shinsuke Nishida, Kazunobu Sato, Robabeh Rahimi, Kazuo Toyota,
Daisuke Shiomi, Yasushi Morita, Masahioro Kitagawa, Takeji Takui Japan

An ESR/ENDOR Study of Substituted Diphenyl Niroxide : Search forMolecular-Spin Bus
Model Systems of Quantum Computers / Quantum Information Processing

A Joint Conference of the International Symposium on Electron Spin Science and the 46th
Annual Meeting of the Society of Electron Spin Science and Technology
(ISESS-SEST2007)

November 6-9, 2007, Shizuoka, Japan

Shigeaki Nakazawa, Kazunobu Sato, Tomohiro Yoshino, Tomoaki Ise, Shinsuke Nishida,
Nobuyuki Mori, Robabeh  Rahimi,Yasushi, Morita, Kazuo Toyota, Daisuke Shiomi,
Masahiro Kitagawa, Kazuhiro Nakasuji, Hideyuki Hara, Patric Carl, Peter Hofer, Takeji
Takui

Magnetic Properties of Weakly-Exchange-Coupled Biradicals as Spin Qubits for
Molecular-Spin Quantum Computers: Q-band Single-Crystal Pulsed ESR/ELDOR

A Joint Conference of the International Symposium on Electron Spin Science and the 46th
Annual Meeting of the Society of Electron Spin Science and Technology
(ISESS-SEST2007)

November 6-9, 2007, Shizuoka, Japan

Kazunobu Sato, Shigeaki Nakazawa, Nobuyuki Mori, Tomoaki Ise, Robabeh Rahimi, Kazuo
Toyota, Daisuke Shiomi, Yasushi Morita, Masahiro Kitagawa, Kazuhiro Nakasuji, Mikio
Nakahara, Hideyuki Hara,Patrick Carl, Peter Hofer, and Takeji Takui

Development of A Coherent-Dual ELDOR Spectrometer for Implementation of
Molecular-Spin Quantum Computers

A Joint Conference of the International Symposium on Electron Spin Science and the 46th
Annual Meeting of the Society of Electron Spin Science and Technology
(ISESS-SEST2007)

November 6-9, 2007, Shizuoka, Japan

Nobuyuki Mori, Hirokazu Sakamoto, Takefumi Okauchi, Kazunobu Sato, Kazuo Toyota,
Daisuke Shimoi, Wei-Ching Lin, David H. Dolphin, the late Charles A. McDowell, and



Takeji Takui

Quasirelativistic DFT calculations of magnetic tensors for 63Cu(ll)octaethylporphyrin:
Strong metal-ligand covalency

A Joint Conference of the International Symposium on Electron Spin Science and the 46th
Annual Meeting of the Society of Electron Spin Science and Technology
(ISESS-SEST2007)

November 6-9, 2007, Shizuoka, Japan

207.K enji Sugisaki, Kazuo Toyota, Kazunobu Sato, Daisuke Shiomi, and Takeji Takui
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Ab initio Calculations of Spin-Spin Contributions to the Zero-Field Splitting Tensors of
Organic Molecules

A Joint Conference of the International Symposium on Electron Spin Science and the 46th
Annual Meeting of the Society of Electron Spin Science and Technology
(ISESS-SEST2007)

November 6-9, 2007, Shizuoka, Japan

Takatoshi Sawai, Yuki Kanzaki, Kazunobu Sato, Daisuke Shiomi,Kazuo Toyota, and Takeji
Takui

Molecular Structure of Biphenyl Based Nitronyl Nitroxide Biradical; CW-ESR Spectral
Simulation with a Theoretical Spin-Hamiltonian Approach

A Joint Conference of the International Symposium on Electron Spin Science and the 46th
Annual Meeting of the Society of Electron Spin Science and Technology
(ISESS-SEST2007)

November 6-9, 2007, Shizuoka, Japan

Teruaki Koto, Kazunobu Sato, Daisuke Shiomi, Kazuo Toyota, Koichi Itoh, Edel Wasserman,
Takeji Takui

Complete Analyses of Organic-Glass Lineshape-Distorted ESR Spectra of the First Quintet
Aromatic Oligocarbene and High-Spin Nitrenes

A Joint Conference of the International Symposium on Electron Spin Science and the 46th
Annual Meeting of the Society of Electron Spin Science and Technology
(ISESS-SEST2007)

November 6-9, 2007, Shizuoka, Japan

Shinsuke Nishida, Yasushi Morita, Nozomi Oguchi, Kozo Fukui, Kazunobu Sato, Kazuhiro
Nakasuji, Takeji Takui

Novel Homo-Spin Diradical System Based on 6-Oxophenalenoxyl Stable Neutral Radical:
Electronic Spin Structure and Multi-Step Redox Ability

A Joint Conference of the International Symposium on Electron Spin Science and the 46th
Annual Meeting of the Society of Electron Spin Science and Technology
(ISESS-SEST2007)

November 6-9, 2007, Shizuoka, Japan

Kanako Ogasawara, Akira Ueda, Kozo Fukui, Shinsuke Nishida, Tomoaki Ise, Tomohiro
Yoshino, Shigeaki Nakazawa, Kazunobu Sato, Takeji Takui,Yasushi Morita, Kazuhiro
Nakasuji

Bowl-Shaped p-Extended Semiquinone Radicals: Electronic Spin Structures of lon Pairs with
Alkaline-Metal lons

A Joint Conference of the International Symposium on Electron Spin Science and the 46th
Annual Meeting of the Society of Electron Spin Science and Technology
(ISESS-SEST2007)

November 6-9, 2007, Shizuoka, Japan

Nobuyuki Mori, Hirokazu Sakamoto, Takafumi Okauchi, Kazunobu Sato, Kazuo Toyota,
Daisuke Shiomi, Wei-Ching Lin, David H. Dolphin, the late Charles A. McDowell and
Takeji Takui

Quasirelativistic DFT calculations for magnetic tensors of 63Cu(ll) octaethylporphyrin:
Strong metal-ligand covalency

The 2nd Japan-Czech-Slovakia Joint Symposium for Theoretical/Computational Chemistry
December 7-9, 2007, Kyoto, Japan
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Kenji Sugisaki, Kazuo Toyota, Kazunobu Sato, Daisuke Shiomi, and Takeji Takui, “An ab
initio Approach to Spin-Spin Contributions to the Zero-Field Splitting Tensors of Organic
Molecules: Calculations of Various Types of Triplet Diradicals”, The 6th Asia Pacific
EPR/ESR Symposium (APES2008), July 13-18, 2008, Cairns, Queensland, Australia.
Tomohiro Yoshino, Shinsuke Nishida, Kazunobu Sato, Robabeh Rahimi, Kazuo Toyota,
Daisuke Shiomi, Yasushi Morita, Masahioro Kitagawa, and Takeji Takui, “A Single-Crystal
ESR/ENDOR Study of Diphenyl Nitroxide Derivatives: Search of Molecular-Spin Bus
Systems for Quantum Computers”, The 6th Asia Pacific EPR/ESR Symposium (APES2008),
July 13-18, 2008, Cairns, Queensland, Australia.
Shigeaki Nakazawa, Kazunobu Sato, Robabeh Rahimi, Tomohiro Yoshino, Shinsuke Nishida,
Tomoaki Ise, Nobuyuki Mori, Yasushi, Morita, Kazuo Toyota, Daisuke Shiomi, Masahiro
Kitagawa, and Takeji Takui “Magnetic Tensors of Weakly Exchange-Coupled Biradicals as
Model Systems of Molecular Electron-Spin Quantum Operations”, The 6th Asia Pacific
EPR/ESR Symposium (APES2008), July 13-18, 2008, Cairns, Queensland, Australia.
Kazunobu Sato, Robabeh Rahimi, Shigeaki Nakazawa, Tomoaki Ise, Shinsuke Nishida,
Tomohiro Yoshino, Kazuo Toyota, Daisuke Shiomi, Yasushi Morita, Masahiro Kitagawa,
Kazuhiro Nakasuji, Mikio Nakahara, Hideyuki Hara, Patrick Carl, Peter Hofer, and Takeji
Takui, “Molecular-Spin Quantum Manipulation by Pulsed Electron Magnetic Resonance:
pulsed ENDOR- and Coherent Dual ELDOR-QC”, The 8th Asian Conference on Quantum
Information Science, August 25-31, 2008, KIAS, Seoul, Korea.
Kazunobu Sato, Shigeaki Nakazawa, Shinsuke Nishida, Tomoaki Ise, Robabeh Rahimi,
Kazuo Toyota, Daisuke Shiomi, Yasushi Morita, Masahiro Kitagawa, Mikio Nakahara,
Hideyuki Hara, Patrick Carl, Peter Hofer, and Takeji Takui,“Implementation of Quantum
Operation by Pulsed Electron Magnetic Resonance Technique for Molecular-Spin
Quantum Computers”,

The 11th International Conference on Molecule-based Magnets (ICMM2008), September
21-24, 2008, Florence, Italy.
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Coherent ELDOR
The Next Step in Electron-Electron Double Resonance

Electron-electron double resonance (ELDOR) spectroscopy became very common to
measure electron-electron distances (DEER and PELDOR) . For more elaborated
experiments like Soft ESEEM and TPPI, the two microwave sources need to be phase
locked to each other, a setup referred to as Coherent ELDOR.

Coherent ELDOR: The Setup

On the excitation side, the ELDOR source is locked to the main microwave bridge source
by a locking unit. The Patternlet pulse programmer provides the necessary external
trigger for the lock.

The Coherent ELDOR setup is seemlessly integrated into Bruker's Intermediate Frequency
(IF-)concept, readily providing Coherent ELDOR capabilities from 1 to 100 GHz.

Coherent FLDOR: Application Examples

Coherent ELDOR has become
commercially available only recently. Key L

pulsed EPR experiments are Soft ESEEM |} ‘

and TPPI detection. Further, pulsed EPR I, J. I It

experiments with two phase-locked B i
sources are also advantageous for

Quantum Computing experiments.

Two Frequency Soft-ESEEM

Soft-ESEEM (cf. Schweiger & Jeschke,
Principle of pulse electron paramagnetic
resonance, ch. 11.3) has the advantage of
selectively exciting allowed and forbidden ;
transitions and thus requiring only low mw

power levels. The comparision of the two

frequency Soft-ESEEM (red, top trace)
with the common one-frequency ESEEM
{high and low power, green and blue,
resp.) clearly demonstrates the increase in
resolution and selectivity.

il
H'HMMM'.M%WMJJ]‘l-lﬁ.’%*‘nlﬂal‘mh’w%uﬂ\w

Q0 am £33

2 frequency Soft- ESEEM (top) vs. high-
power and low-power ESEEM (middle and
bottom, resp.) demanstrating the increased
resolution.
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