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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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[A. Kagawa, et al., Rev. Sci. Instrum. 80, 044705 (2009)]
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[Kagawa et al. Rev. Sci. Instrum. 80, 044705 (2009)]
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TEY, ZOREBRDOT-OIZSIIVAETENEATZD, 7SIV AR NOE S8 ET
FWT O RZA LRI T=0 T HRIBEDRH T, TERIT, BIEB SR AT I F T B
TR L ZEFHEE L THRE 2728 O R DIV TEZ0, 2R R E
T, KRR THH-T=,

ARFFEClE, HIRBOINEEEBITHEL T, Ta B +57 V5 (Ah—rar %
T2l NV AZ AN AR T 2 IEEBR L, 2L TAET, RSO
R IR AT SRR LS L E N T2 o T RSB IS B R O A . RN
Do BB IRILT 2 5% 5 2 122812705, ZOEMANMRRLESRD 4y 5T
FHAAENIUE, ZNFE TSNV ARZEEVESRT YR FA LDT-DIZ[EZIL TG 50
RZDINT0, ZL OB F B KRB IFSN D, Ty REA LG TERITNF
T DI, T T RF A4 —ROIEFRIEEL & D IMitE L, D,/ ABEIROX AF
v 7LV CHIBRE T D HE R BE O KRRk R0 EmLE 2 Hivd, BEIZ, FEHR
FEAEEZ AT IV IV U DPER DT OEER X A EFHOMFEIZE FLTHY, NM
ROKICKRE A EGELT-5TF v RHA L7 —NMRO EH % H 5L CHFE 5 ki
THTETHA,

Fio, EEROBEN Tl OMELR TGO RE L TR IEIS O HAfT M
NTEY, ZO IV AHEOHERTH 2L OMELR TR FEEEE O FICHk 52
ERHIRIS LD,



4.2 HFEFACY (RIRILRY: T v—7)
(DWIFFEFE RN B OVR

IEFEAICEENICG LR WEFAE Y 2B R T ThHD [T AE V]
Wi, ALHTRO qubit 70 & &R | ThE TICERMI N, AEEE - 55
FHEMERIFIE D RO FICSL - T b 72 & b F e B L2447 212, BIOS 1A
U aERETAZENTEDZRENH D (tailor-made molecular design), 45—+
AENTEHRBEXTCETAE K, T OERER ThH LD EA Y
ZHOTOIZ, qubit & LTERIMBER SN, FFIEAE I NR 770
A B a—F L LTS L, EBRICEFT LY XLITHES L BERESIE DI,
BfarsCa— 22 HERbDICTRENER- Lz, —FH, HFAECBEO%E
FAE T L TIE, LI BERITH DI b 5T, qubit & LTRIHT
& 551D BRI AFE (synthetic matter spin—qubits) DMREES 72 Z &7
Mol-, T, synthetic electron spin—qubits 2E & L CRHE &SN, FEX
NTWinorzZ &, kO qubit & LTOMREAE A L AREZHIEIT D~ A 7 a i/ s
VAHIRGBRTH Y qubit OAFETIEEZ wTHE & 3 2 IR T IES L L T
Mol EIZRE D, —Ji, scalable qubits DEFFEREZHEET H LT, 1 koo
HIPEZ TGP FIH LTz Lloyd qubit array E7 /425, A H72WEFR & L CTHERINIC
FL D DRESN TR WEERD R0 DA i 2 &3 7eh o 72, A CREST
TiE, 2O DOEICERY A, HF A qubit ZR—RA LT HEF T Ea—
4 /B IEROEER OB ICH ST 52 2B LT,

AWFFERREEIZE L, WFTERBRLAIRE D 3 DD EERL B FZIT,

2-1. P FAEURTEFALE LD 2-K W 3-qubit &4 Fikal - AL, AR
w7 — MREODFEITEAREETH, Tab—L U AR OEWT v TV arF
AV VETAE Y qubit REWEPBI T 5 Z & (synthetic electron spin—qubit
L PN VAN

2-2. T AE Y qubit ROEFAE CHONMMEGEZETTEDL QC
spectroscopy  (CD-ELDOR: Coherent Dual Electron—-Electron Double Resonance
spectrometer: CD-ELDOR) O % & & OVl B % 2179 Z & . H— electron
spin—qubit NZARHIHEI K O 2-electron qubit @ CNOT 47— KEREDEHL,

2-3. IXHKAEREE TIZ, synthetic matter spin—qubit OF|RZTEH> L7 scalable
IREFAE L ROETIVRERG - AL, Z OFEICKHT D2 O & Bl
HZETHoT,

BRE L TOMFIEREIZBE LTI, 2-1 TiX, FilWERE - BB THL7-9
|2, time—consuming ZREEZ T 2D T, YHEEND AMZHRAL T, FEFHTO
R & CIC BRI 0 F A B R 25T, SR EERTEINC AT — b DL 25
AR SETZ, 2-2 T, 2FEANIC 1 SHZwEM S 9T A qubit OZAH
A C X 2 AN AMN L, BEiSH, 2 FHDKEE, ERFEORIEIC G
FTHDIZ, ANV T LAREBEEOFHO 7 T4 F A% v k2 5zikit L, EiF
MEEAS 2 v —F b LTz, 2-1 & OBE T, BIfEDOE FREIEEOHKHET
i 2 DOEEBORR D~ A 7 a v A @ 8RR (Q 73 K 35GH z )
THARTE A7 TR, MEOMMEEBIEICHIEH CEDZ L 2D TEBLE
(Coherent Dual Electron—-Electron Double Resonance: CD-ELDOR), —J). {E&®
TR 72 E 2B LT 7e QC/QIP (B2 v Ba—7 ¢ v 7/ & FIEWLEE) %



BRICIE, BUHIREEOAERNKLETH L, ZNEBE ALY qubit 2> THERK
T HITIE, S HITHEE (IR 1) OB~ A 7 vl SV ARIINBETH D Z L,
Mo THH., llx DFET AL qubit & QC/QIP TEAET 2 ITIHMEE O DI )
~A 7 ANV R EAR L, AR TE DNV A A T a s tike
R-WMSITHZENRBETHDLZ L2 BMECR LT (A 7 i tEiiro NMR
WRTGHEA LT R, 2-3 TliE, DNA Ry 7 AR— U 2T 5 2 B E L B v
r AT, 3 [EMREERTFRE A B D AFL7- g—tensor engineering iRt &2 E L L. &
FEJE 245 - I PRI £ T2, Lloyd EF L DEF A E L qubit MR FEAHAL &
AL, addressable qubit 23R CTEBLTWADZ &%, HEEm D IE X B4
ERATIZ L T, A UEOE D BITEFBKISEIZC L > T, ZRENGEEH L
77

CREST AFZEHIREI s, EFRAIICIZSYF A B solid-state QC & LT, ZEHRENE
C60 77— I//%Jiﬁz%ﬂ%é{%7 J AR OB T Vv qubit & L CERT
LHHf5E, B ALY qubit DF ‘:I—I: L > AR D IE R 7V ZATIZ B~ D WF5E DS
B 2t RS STVBRD T8, OB OEF A qubit ZEHEHR - T,
MBS — N B AT DI, Fox O A RV CEIRE R TIZEZ 7220, FriZ
scalable qubit ~DARIFIED T 7' o —F 1T, BV IEREFRD IR BT 5y 116 fi

A Y USRI EER S (BAGEEHE. Yy 7 AWMGER) RETH,
FERZHEDHOOH S,

ke 3 DOZERMMFIZET H25EMIL, LTFTDEEBY THh S,
2-1. BHFAEURTEFALE LD 2-K N 3-qubit 24kt - 5 L. EARA 7
BT NREOEITEWREL 35, Tabk— LY ARMOEWT U T
AV ETAE Y qubit REWEBIR T 5 Z & (synthetic electron—qubit O
Ei)

A DE A qubit 2155, 7 Fakat OFE#HEX. (A)DiVincenzo ‘s Five
Criteria, & OV (B) il # MEEF ALY qubit i\_'/’ﬁ“fzx'ﬁ‘é 45 B D F 925 (g-tensor
engineering) |Z3BW\T, 4 H D~ A7 )L ZF AT Ol K & A1k T 5720 O E % F
HRBE AR T2, (B) COEAHIZRNEEIL, ~A 71 LV A58 FE LIREE] 43 i RE DR ST
HSRL, 53T 04 245 NMR SIZRWICHE 2%, (B)ICEEL T, ZhETSH
FOEF A< & ) PRV WA AAEHZ NARCHIE 528, FFIcH
KEXZFID T qubit ELTHEAT D0 FEFHIEETH-T-, Lot QC OFFEFITIT, F
T OHIFIN TEF AL KPR BAEHZFIH T 272012, 2 8A BAFH LR
m’ﬁ%mm’ﬁﬁﬁmﬁ%é@mﬁ if@i@@/w/xm REHZIE AR iﬁzf HD,

TEXFTOWIH BT, &b FEICIE, 2 TN TEDICHEK » B 7 REEME S
%:75>E§C@$HE1/EJ%%%$E%ZDEHH# z, J:@Jioiﬁ)iﬁza PERG B I FAE R %
RN T D0 E BT DL/, K 2-1-1 (ZiE, T TITHIBLIVTODIR R
biradical {Z-2V T, {E{TQEP@ BRI CW A ML ESREDT-OI 527, 22T
W, IR THDT=DIT, BT %XI: /@iﬂﬂ*ﬁ%ﬁﬁf’ﬁﬁﬁ TR UE T2
?ﬁ*ﬁﬁf’ﬂﬂ@?fﬁ%‘%o‘@\é X 2-1-2 1ZIE, ZTNDHD AT LN, AR EAER J &
TR (MN/=1)) D% ﬁﬁﬁfiﬁfﬁfﬁﬁl#éﬁi}i a EOMXI IR RESOBMRTED IS
RAET B0 E AT theoretical stick spectra TH-x 7=, K 2-1-1 7, (a)125-25
biradical 1%, RIS FRIEIEZ S D | YWIRAXT LB AZHM EAERBIZEAETHRLT
WD E RS T BRI 22 5 T 573 FETICIENERS S A&7 PN T SRR PR g 1
HEEFL QW CH, 2 MHz DO RESORHFH EAERANTFET DI ED, EBIHE & A~k
IVDORIEMT G530 R TH—7 v e % 2-qubit BT AL LR THHIED 73
o7, (@) (¥ 2-1-1 ZH)D biradical 1%, 7oK a3 FEEZ S D72012, & HE parity

OME NS |l # DEFAE L qubit 135 7cg—tensor ZHH ., ﬁ%%l:%']b’(ﬁbi@‘é
ZHIETERW, 22T, B AL DRER/IETDHNO EOBAL L (BH N (/=1))
DLEFNAR (PN = 1/2)) %, A HICOBERRANTEAL T, &&H#a parity 2% 5% 5]



% (pseudo g-engineering: hyperfine(A)-tensor engineering ) (2 & - T . addressable
synthetic electron spin—qubit |22 F I A LN TS, () TiL, KM EES T CILE
AL R FAAE IS 30 MHz FEEE DY | SMERERIE S5 17 AN TARAFL T B AL 8k
KRG T3 SNBSS, 16> T, gfBIZRC CH RN AR DBISHAE BAEH O RKEZED
EWEFIFAL T, fH A DOFEF AL qubit IZ77EAL, ALY qubit VY —RELTE
M TELT L AW FERBIZ BN TR THRIEL T,

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 H D532,

(a)? biradical CIXAHLAH A 1EH i{ﬁ%b“(b BN, () TR AAEHANE FIZ O
WG A B IVBITDMNICREL, BF AL VBT S 13 5= 1E70, FHEHEFO%
H-OT=01Z, BRI & &8 1/2 L7e%, (b) (K ON(d)) T, (@& (c)d R EIRy7Z2 R RE
(BN AR J LGRS & E a DB BIRIZH D) IR /2B HE R AT
NVETRT,

g-tensor engineering 43 F-iXat O AL, HEDE T AL YA LD g-tensor & AN Al
ICERE T AR EHETHAN., H RS FAE L OHPITIE ., IBEMERS ks T H O s R
HEZEHETA0TFHLEZ VDT, pseudo g—tensor engineering DX EHE#HTE AL
qubit SRUYV —RZNITHT-0721 T/ R EFEE% electron-bus qubit 5RD client
qubit VY —2LUTIEH T 2RICH AR T7 7 r—F Th b,
BT AL D qubit 7T INVRERDHITIT, BURGFAE L REDEDDET 771
TS 2 U7 AR S AT L L CHLMN, X — T v Doy T A U B BT RE T, X
T B AR A - PN SRS 4 %@n‘*z%iﬁ’ﬂ%%:fﬁﬁbtii S F AL ERDIAT D
EINTED)DY qubit ELTORIEBZEARDT-DIT, SRBEMER ANy 7Ok bl ik B ik, X #7
FETE AT O AT 1L, BLIERIZR qubit %5@%5’3 ’?Eféﬂﬂ%®ﬂz$%ifoc7\7/7c 725,
B =2 Ny FAE et a 7e g S Sy T ORREHE, A S O ERE R & S E X FAR T
7§>3?>Z>75>Eif‘4‘l9’3 W2\ DA AL SRR L B, IO BT IR E THRVIAT Z & A B X
B AL /45‘/(]\0)%}\112]‘3?/}‘ NO %, NOH &H2A ML C=0 OEBEFHII ks



ZH OB RERE A LT SN 7y TR Ml ChHDZEMN otz KIS, rh i C=0
W, T R_RTO T D9 F AL ZAL RN E L LBV IAT Z 2N o T2,
2-1-3 121%, ZNHDOR DI BLREN LA G O EHIRT D,

J=0
s B e
| N-O-
] A
I
J<a i rajmﬂ fii
0 — il — e ——— —
P A LA 78 SN
-, - 1Y -
LN e PR ~
P | s ! ! ' Ay I ‘:‘\" J
o LT | | el
L. - \ oy RIS IS
P N v ! [ s
_J=2a g VO , ~. N
() +H4 — —« . _.4J+ B I S Y
-7 - \\ N P f_: ~.
| V! ~ L vy |
i VI by i
! | ! N-0O

e — > —— ] — 3
J: intra-molecular exchange coupling
a: isotropic hyperfine coupling constant due to "*N

[X2-1-2. ZRHAHEAER ) LLEFELE (NS = 1)) DRI BIAMRE & E4a LD
K72 REZDOBAR TE D INUKAF T DD RN R LT E A U B S B
S AT ML (theoretical stick spectra) .

D.C CD3
o —co.
0N £DQ o Q O o
D:C cD (¢] e} D,C: .3 0 0
—CD 1°N-0 o Y
D,C
CD;4
CD;
o® 0
N o o ;ﬁﬁ\ o
D_C 3 QO
o O\C/ \FCD3 0)‘\/\/\/\/\/\"/
O D,C N, o]
? [)e) (0]
D;C CDs
b.c §0:
3 p o Q o]
Oo-N_ ©pQ o) 20,
5 CD, D%C—k
~ ¢p, O 0—CD °N-OH o O 0
D,C
CDCD3
1 3 la

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

UG S N TE TRy A 121, pseudo g—tensor engineering 43 & &t (*°N
EEDEN) BFESILTND, B AL ARNO ICHiET D AT L HE CHy 13— 2 Bk
WTT RTHEAFIESNTND, BEAFIIZEY, BAKFE OGS S ICH kT 5
HRIRIAE L2 RIBICIER 528N TED, 70 T AL O —H K O _CO R
1D X BEIERNT N 2 Sh AL PSR E AL T X TRESIL TS,



2-1-3 121, g—tensor engineering 23 KB LT- R0 AL 7 (BRI 7R
G ) OXF 2 BIR L TODDS, AWFSERRE O FE N P25 7% FtH L. ERRICA IR
Lo AR | KO ZERCT U7 b 0 F- O/ AERIE, 60 FELZE#E 25, BE OB
K7 RS d 2 AR Rk L, X B E ST 12 AR Bh 92721 T WHEREZ B JEL T,
QC/QIP O/ YV ARER ISR T 2 LN TELMNEFE LR DIH Tae—L
AR DOV synthetic electron—spin qubit ZBIRNTEH7 T EARKD AT 7 ThbH, 1%
AL DFIREAE G RIZIBW T, BKRAIREL, 59 F A 7 AN SMES b iR A
~MX. 1/5 225 1/1000 £ TOHIFHCHIEI RAIRETHD, BIEETIZELNZ, Tak—L v
AREE O _ERRIL, IREEPH ORI T, 7, OWPEIZIB W T usec ThHDH, IHIT, AL
FEFIRERRIOREIZIB N T, M LV AL O % 512825 B 5 7ef% fnz- ik pl ¢
ZHEBEIFERDFONTD, ZHUXN ) T st R ThoTz,

F7-. BRRR D FIE—RICRZ B THDHEDEIEN putative in chemistry, HDHV M
EFRZRE CHLD, ZHUTK LTI AFERE TA KLz, T X TDH AL
qubits {ZDOVNT, SRR HLAE A k& T TIE, 5872 CW ROV VA~ A7l T4
(R LTE SRR E T D Z&IE— 07 TE RIS L TR 55 (26 92 & e
3D TEN T ERECTHHZEN D722 T, A CREST THZ K&K ED
— D THBD, ZIUZ, electron spin—qubit LL T, 73 F+AE L RIVL R G BAA L RB3Y
BLEMEDOHENSEN TODDTIIRVNES ) — IR RIS L CTRR L& R 5
ZHLDTHD,

3—electron spin—qubit 3+ AL RDEM. K OWRMAREEERDOBERED
FETIE, KRERERRH -, K 2-14 12, ZNHDOF A Ny triradical &
YR N DRA Ny FamT, fEamfE T TORFREEIZBW T, W O
PPEFE LS, A h®D triradical TR A MERFIZEEICERVIAEND DT,
FANOREOHIEIIRS TH D, Triradical &, X 2-1-5 (TR THA & RERIC,
BIAE A RS TSN = AR EA TR L. OO HEE BAEH TR
biLd, @ Triradical T, EMAHEIEN, &1 A U BEKORRFHA/EH.
REYFHAAERHORE SNHEFTHRTH Y, BISHHEAERARTXTOETALE
R ILNETBRL I T AR e CTHEMEZY 3-electron—spin nuclear—spin 4y AE
Z2ThH D,

Triradical: Guest Trisketone:

2-1-4. 3-qubit F9HAFH AAEH 3 15% Triradical (£), KOVh
VYR MR A Nyt () O 1HEE XSGR ORERICH &
S, BRI, TRTIWNETHD, 22Tk, BrBEIEA
AR RIVOEHAL DT D A A R NO O N FIfAE#RIZ S
TV, Triradical () 1Z2BWT, HEIEKIT N EZ271,



= =

2-2. 3 FAE Y qubit ROEF A IAAHEIEZ FETTE 5 QC spectroscopy
(Coherent Dual Electron—-Electron Double Resonance spectrometer:CD-ELDOR) &
EEEOENBRARE 21T 9 2 &, B — electron spin—qubit {7 FH & O° 2
electron—qubit @ CNOT 7 — MERED FEH -

Probe head

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

A TIE, AWG ZARIKRE T DIEE~ A7 EIE SV AR — AZHELHT 71
—F . RO DO~ A 7aliiE s a7 R K> TARHIET 258 2 o7 7 a—F
DY YEFE ST, SHEHOE1DOT Fa—F Tk, T WAL Z NI T S E
T, A7 E A D A — DORET SIS, BN 2 Hih F70 D 7260 |20 24 70
TNAANELAT, CREST HEEMINIZ BEAEOH AT Z 2K D2 81ET /A AD B



EPEDTZDITEANAIIC IR EELFIWTL T\ 56 2 OT7 7 —F ~BATLICRE D 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 “EHIIE(CD-ELDOR) 2 VA A&~
2 % () O%ETE- NER, 2212iE, 1 SHEA LR DT DR, 7235, Probe head 1%
HEtEECThHS,

K CREST Tid, 2 DD~ A 7w AW Bz~ v 2L T ARR OFXALAH B F%
TR HEFET| TES, coherent dual B AL —E A’ —HEILE(CD-ELDOR) %
Bruker Biospin #E&HE[RIBEFR L=, K 2-2-1 121X, B 1 57 UAAZ o NEFRE E Q-3
R probe head DAMEIZ RS, ZD1%, 1 BEEDOVERET > 7 (IRIRAR B RFH D KIEIE &) %
[ IDDT=DIT BT AZFERIFRR AV AR BT TAF AL N gkt L, Ay 7 A7 o+
—RtEEHLRIBAR LTz, FERFRY T A A AZ LT, P OHMLTHS (K 2-2-2 &
)N

—J7. synthetic electron spin—qubit OIS E RS T H72D1E, AL TS



LW A 70 BNERTHDLH, NI LEE T TORBRORSIEON —R4 72X
ST, v A7 BT, Q- U NEHRA B H LT, #6- T, WML SR, EiEik
HED 1.4 K TERTEDIEITRY, K 2-2-2 1R T, QU REIRIRA~TD 242
W T A F A5 NI LHEDO EWEEE TH D,

2-2-3 |ZI&, coal o7 T HONWT MRy 7 FRUTIDEBLZ, Q N R~ A7m
Wz 2 JE I EL R OFE R ARHIE O EERPIFEMLZ R T, 5 2 B EDNAHZEN, 27 A vt
THOEDLENDED T, ATV —R—5 1 A, OAE  =a— (5505, A voRE#E LT
G IR T DIRDEE O DBUHISILTNDZEMND, coal WD F7RHTE AL T3
A5 I OFARL A HE SN TWNAZEZ R T, (LA S I TORIT U, Avo
FAE CIRFFRIZZ BN 352 813700,

Coal sample: v, =33.594081 GHz

Av =10 MHz

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

2-2-3. JEWE DRI DEA AL O NHIE STV DR /R, A
Voo a—oiEihiR, HERIE. coal sample ORI HINT S,

B~ A7 JE8 B E O AL AR A S S5 Z 1285 T, coherent dual
ELDOR(FEF ALY — ALy “HIIEAN AN TER L2825 DT, Ta—kb—1
VARE D145V Y synthetic electron spin—qubit RAE AL TEHLIE. CD-ELDOR #1ff
T% electron—spin entanglement MDA %% FEH CT& 5, CD-ELDOR & 1%, B0 E



FEEED DR /3 fRRE 2 KIEIZEGE T D72012, 40W ORI Q /N F TWT ~A 271
R EIRAR A AL T, 100 f50 & /1215 T D, BB A A4 REE A qubit 1277k
AT HITNE, FEM IR R THLHD T, 5% IBIT X ANURERECTHRE RIS 40-100
ORI E/LLED D,

A CREST 3V NTiZ, spin qubit OALFAHIFEIO#ENL I, qubit D entanglement DA A%,
ZEEICEHI T A A B ER N L CEEML T, ZOWmRIZB W T, &AL
VEBAY Y qubit ZEAMICH o TALTZ, BT —AE S OKFER) O#FM
entanglements NH, BFAL L DAY ) — )L EEERICGEA T 52N TEZ, X
2-2-4 1T, B ALV DAL ) — VEFEALTe SV ARSI KON 4 r IO 2 A L7 1
774»%7@“0 ZITIE U B (A7l D OV AR) OB EL T, EF AL ==
—DIREZFAHUICH VTNV, @y TR EZEET DTV AW, vy IZE A
EUEBET D Q NUROIIE~ A7 O G EE B Ch D, A — /L DOE B

T+ AL qubit 25 TeHE Ll entanglement 2L T CEKINTZHD THHZ LI
EHICET S, FEEOFERRIL, KBEAE L (7=1/2) IZH L THITHIZENTED,

(a) U /2 7 echo
109 deg. T oo,
ﬂ w0, (1/2) a)lz(n/Z) 0 ﬂ (n2)
¢ 9

f =—3cos(6 +5)+4cos 22 (0+5) + const.

v=33.67284 GHz
B=1.2009T
T=50K

0 0.1 0.2 03 04
tine/,s
ESE signal intensity as a function of MW pulse length U;
(b)
P, (27) P, (2;:) / \__':-.__/"
s Ui U ™

2-2-4. FEF AL’ qubit DAL ) — LA E BRI 54 - ?4’%1/&
2V ARI|(top) EEE AL L BTy IRERD T O DOMA - CRISHEEIT
JEHAMEZ R (b), B AE =2 —(55((a) F),

g—tensor engineering T/y X st L. Hl & DEF AL qubit IZXFL CTT 7 BATEAHM
BRI 7255 A 5% (K 2-2-5 1R T+ 1)1, SElcK 2-1-3 @ top IZHIARLTZS, B
TAE L IG(E 5 OMIEE — @8kl | BT A BB TH AAERICED AT ML S)
% solid-state 7P 7 L RICEBWTEIBIT 5720121%, "N EREH kOB LU E
W BAE A ZE RSN H D, DT, MEDOEV PN R AR E#L 7=
DFARE RN RISEKT DNV — R T HENHBERAT YT ThHD, AMFFET



B SN 0 FAE L RIFT T T, WEREEL CTHOE BB 1. E7 136 dn Al

ENEIAESNT=U b ThD, FELD biradical 134D S FEE L I KM GE 2

72720 D T, FAHAFA B AR K OV FOBHMME E/ER LS T 5E AL 1%

SPUNGRAHE BAEA %2787, genuine g—tensor engineering ZHi L7=4% A" % Th
dl

2o
A d17
—\ \,\C O\ ,Q
Comi D =gy
) O
1 “L

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

. Side view

2-2-6. Xt~ d% two—electron spin—qubit 2T eiEEE CRAME T NIZ
BiAte, 5 3 HARDOBRAN b (1a: X 2-1-3 B ) . ASHAH B AEH T,
D T/NEL | B AL RS PGRFFE BEAEH O 100 53D 1FEETHS,
it e A DRI, K OV FAE oy S B ARAME - HICE, B
HINCX B TED AL AL, 1 BB ET 5 (P 2-2-7),

226 [ZB VT, BRI TRTE ALY AM(TEMPO) (T, M AIZKRE D
g—tensor THHEAHT O TWAZEN, X 2-2-6 03545035, XH ., 4 KOFEI TR IR/
BRIE, RCBEMEAR AN 3+ D C=0 YA DIRRIR 24, hRFgH (F2ixH) TRdU»
T =TV OHRERIL, VR FIVE(COO) THD, INVREF L NV IEET —H>D7
=L VB (RUBVER) O HEEE 80 FEIZ K 5, D two—electron spin—qubit [E, Ak
ANZIEES 3 HARITBL., SEICS TREr STy T AL U 2 AL BRAERY /AR AR T



BB,

2-2-7. genuine g—tensor
engineering CToyfaXat L7z
2-electron qubit 245+ (1) 2%
%@FEE%%WT@@EW%#HE%
a, b, c, & DORARCEIMITRT,

[X] 2-2-6 |~ 3 SRS AR ARG - 112 500 43 D 1D HLTHIIAEILT-, 2—electron spin—
qubit % (1) (X 2-2-5 M) TlL, B AL MBI <A AAER 7TV i, #RiE
&@%ﬁ DD T DRI D FIETII R TE/R2NV DT, Q3 F4—LAELD

RICE->TLftrL7- (K 2-2-8 /),

/2 7

T[]t T Ty
Vi : /’

|3

| %)

2-2-8. I3 AL VR 1D E A AL IR IR A AR T NV FEER Y
IR T-. 4- L ZELDOR®D 7L ARSI,

Biradical 1 OREGII/NT A—2 1L & 1AL MO BI NG T-F AAEH O RXX%
FT W E E D =—12.3 MHz, £ =0.03 MHz, ZHHH AR =-0.09 MHz
Tholo, ZNHLDEIX, 77 FAE L 1O & AL PR E TG O 2 LML T
Do ZILHE G T T RTCOMRIIT Y N E T, B ALV AR L IRRER A E TX
%, A A B EAER EHA T 5, B EEAZH T2 RBEDEENTE
LTCW572DIZ, CNOTS —MEEIZHE LT, § Y ORI & AR IR TE ’ET”B/—FC?—Z)M%
NoDb, A HROBEAW 2 RESOBHMIMELIERABTFET D, BEFAL Y
2-qubit R TIX, ZORFEFITENT TENL T, NMRY FEFarta—2 R
RWZEZ2 D LITEE T AN ERS D, b7V — 7, BAERRCNOTSY — MifEx
FHTDITIE, AL RO T R CORNIFE AR EZE RS TS0 it LU
MBS HEB T HRENEETHD, 2O LI+ AL REL T, C—centered
biradical & AMERHIZ72 D,



2-2-9 |2, 2—electron spin—qubit & biradical 1D FEMZ AL I RBEMEN TS, RHL
7o E B M COCNOTY — M EDFERE 52 5, 77 F AL 1T, addressable 72
EAF ALY qubit &, RELFOTXRHILTWD, XH, A 9o B 7y 2 - ki & <
~AZMVTIE, A & DETF ALY A (TEMPO) OIBRERIT, i, FHTEREN
XAILTWD, kRT3 IR A &= — L THERLNTZ o 7SV AR AL
=a—7 3z (RabifiREh) 23 B S 41T (bottom, right), ZO=2—7—3
%, solid=state 7B T ILRDLT T AL DEF AL qubit ZFE->THEB L&)

@ CNOT 7 —MME{ETH A,

d17
1 d17
0,
* ,C O\ ”O
O'™N o} ,,CO \ .
o) 0 N-0

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

Rabi-Oscillation between |, . and '~

W

M>MN> LLT>{L s T=297K

1 00 0) 3

0 0 0 1 %‘

Ucnvot= | 0 1 o :
01 00 & R
?_ 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 fRE (FIX., £),

2-3. IAER £ TIZ, synthetic matter spin—qubit OF| S Z1ED L 7= scalable 7R EF A
VU RAERRGEE - Bl ZOMEICK T ARk A BT A 2 L



scalable qubits DESEIL, B2 B a—Z OFEHE BIFET T O qubits 2N HE
TAHHBOMETH S, ZNEMRT 57 7 r—F & LT, Seth Lloyd |% addressable
RERBEORETE Y N EHERT 5D 12, spin qubit AR D 1 IRoc#HET L%
FUWDEEAIZIER L2 Z S 13F4 TH D (S. Lloyd, Science, 261, 1569-1571 (1993); S.
Lloyd, Sci. Am. 73, 140-145 (1995). ), % - (LF - L) 51X, Z D Lloyd £7 /v %
Bfrarsa— X IZHEETLIRERTRIELZHEE L, 1 ROGHET L TH H(ABC)n RIZ
L TIEERENOETFE Y Na#s 16 FEO VAR RE RS EZ HET 57200
T, FHEFEA N O TR TLHRELIRLT, o T, EFFHEOHMEHEITHT
HEBIAE—RT v 7 H2HELRWNI & &2/~ L7- (Y. Kawano, S. Yamashita, M.
Kitagawa, Phys. Rev. A 72, 012301 (2005).), L2>L72235, ZOFH M7 Lloyd €7 /v
ZIREET % spin qubit RAMHE R (matter spin-qubits) & L CEMAKRMIZIRE S, FE
BRICER SN2 LI, ZRETRY,

—H. TR L DI, DFOEBFAL % qubit &7 5 FBRAVRIAT,
B ROEEAT OWFZE 08 Tl B B L7272y, A qubit (6257
FAE U RIT EROLBORELFRT 27 Vn—F L L TERSNTE T, &
A B qubit 20D ABC % addressable (Ziknl 3 221X, A, B, CIZBTHETD g
TUINERRD L OICRET D Z LM TH S ) (g-tensor engineering) . 4 [F]
— FARE R g 2 T AR LT TR FRIICEREE L 72 metallo-helicates (4 )&
AT ZRNATHNY v 7 ZHEE b OSEERS T, K 2-3-1 Z) 200 THRK -
HLEfE L. g-tensor engineering N FEHL L T\ 5 Z & & | X FAEEMNT R OVE T A B 3k
MEYEIC - CRERH 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 &Y —/(Bim, Qim, Sim)& BN+ &9 5, = EIRHERFr
EZ b, Lloyd &5 /L DEF A E L qubit filt,

= HIRERFEDOEIUC L - T, AxtEFE2 OB BEA 4 D g-tensors 233
NRTER DT TR WIEREE 2S5\ 2 O ITHRED & < [ & (chirality) 73%72
DI T2 B CE . TN ENAEAMRE~DISEN R D,

OWFFERRR DA R IFFEN DR

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



PEAFERR CETz, 3 Tk etz d > T, solid-state RIZBWTT ab—L U AR O R
FTAE Y RN EBRINDAREM DL HY ., T2 TROIVIZERIL, B A qubit M D%
I PRI RC YA & 2 9 2ek e HEEHIH T 5-CT& 5,

F7-. Scalable qubits DFEZEDOFEIL, 4 H T-XTD qubit OEERANE L CTWH
THDOLIN, i3 FAE U NARFKHIIC tailor-made BIIZFRFF B L CTEXDH] M ATENL T,
Lloyd BT /VDEF AL qubit version DT ORI AT HREGET HZ LN TEHZEERL
7o 22T 3 DO RIDE T AL L Dg—tensors %, Efami)7n = EMRHE R B2 F)
LY BT P a—F 28 H L7223, BIEk& JE A4 D g-tensor D JRFTHIZ2 il & 4=
RELTOREIED robustness 1%, #57 TLFRIRGEAERITIKFAL C0D, R4
#5712 TROIVZFGRIL, A%, ~A7all VAT ORE M 72 fREEN JeA T Tl
SNBITHEN ZBHAE AAEZ I LRV 7 4V Bk E 2 IR TTy 17— %%
L7 eifi o A B (B B A A &5 ) 385 L T AIFD tailor-made A5y
FEFHIRNL D LS,

DNA /Sy 7R — U N OFRRIII K G B & EHEE H LT, 43 1A electron spin—qubits
DOHEZETIT, DNA2EIBFENICH) F ALV 2GS ED2 812k, H%h72 g-tensor
engineering 23 Al HE L7 H[3CHk: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. Mackawa, S. Nakazawa, D. Shiomi, K.
Sato, M. Kitagawa, T. Takui, and K. Nakatani, Chem. Lett., 39, 556-557 (2010).]
ZO%E . AT AN A RERIC L - T, IR THERF R0 S 5170 E B4 S ik L 7-
AR E A MV HBLT 5, 16> T, =hax U NIV a7 a—7 LT, 2EIRED
KIFREE R PTG & QAR Yy FRE) N HEL TNHIEN T Il —ar b 6T
THZLNTELAREEN DD, ZINGIUE, AL DV — 2% & B A NARLT
L72W, Lloyd EF V%4337 % LT, DNA SNy 2R —UNIC, EDIATEEE D5 T
AR R EIKFERE G EE S TRMSEAZEN TELDDIRHEFLZEN TEH LW EN
Do



4.3 7A— IV TUMETHEAE (BB KRE: NBETILV—T)
()BFZE I HiE N Je Ok

3—1 BRI T ORIMERICEE 5 ELER O b

A= 7 NIg B R RO FEB AR A IR U DI2H 725 T, MR Y — AD R L
BRHR CTHDH, AL TIL, EAEE ORI & 75 ER T OEB A Te RN vl 72 & M5
OME % K12, MERRG) Y — AL D E BRI — R A7 OBLE G R+ 5F 2 RS 15,

BRHE EFEROEAGELUT, AN E FHAER AR =FERAFRLL TEBIND LD
ETHDH, LnL, Shor DT NVFVXLFEFLEZ D, 7 ab—L U AIZE =2V 7RG R FE 1D FE
B ENL SN, BEREED-OHEOBMESITNT TEAR O FEE TR 2 EmWn
FEENEREINDD T, A —F 7 N B ROERN R EThHLIE THEINT,

AU LT, RV E & TR AR OZ OB OREIZI T, BREEN -EDOMELZ 7T
T UL, HEHP EFRRVET EICE > TAr =7 Vi 3 E N B MIC A gE ThH 2 L (H1E
EHD) BRENT, ZOZLICko T A —F TN BT E O EB A REMEOMBEIL, T ae—1
VAL DREN BRI BIEA 7 )T TELE NV MBI AE S, — 7. TaE—L R
IV, BREEA~ O = 3L F —BORIZH SR T 2§70 b O & HIE 2 LR R 2B TR R
EDORAEEZR AR HAF N R T 2B O BFIET D, B 13 REOLEHELT ab—L A
R ORVVMELZFRIH T2 L2 X0 T AERZIHI9 5 ) 2 THREBMISRREND EB 2B
TWDA, BT R LD AR ZME 2 2L TIEFRAR TERNEWVI VL <20,
XDV~ ORANTREE R~ T,

ZOMBEIZKL T, van Enk, Kimble. Gea-Banacloche Hi3Jfl 1R & £ BRGSO
MEEHATEFEYMEHIET 2 Jaynes-Cummings E7 /WIEWT, BRSO & FHELI )
DARTREI T A — L U ANBLINAHZ EA OGN, RRZEDHIEILS OS2 - BUT K 352
b BRAEORESILATR O BIEEH CESRSNDRE EICILET 2 O ThAZ L&) -, Zih
12X T, Itano 134EFRASET VOB FITEFL TODEALHIL, fagdiE o7z,

KAWL TIL, ZOMFOfERAE—>D HEEEL T, flEREOH BEERICHEK T AT ae—1L
ADHEFFEZ UL DGR 2 DN T 2720 DT WATRTE LI IIFFE 7 i 2 e LT,
B R BRI DN LT R E THHT-O L, SR O AT 8O, FER 03 578
ERAR R AR RPARE THLEVOREE A THLERH D, EDTD, &FE YR
HIE R OFA EAE IR % 7R AF BRI AT 2L QD ZDoZBICE B LU, Kl E/ERoTT
IVEARE L7 C A AAEA D 72 T ERAFERIZZ T 2 BUEL T, 22D AR Al RR 2 A8y
EZMENL T DI 2T E LT, ZOMEEIZE > THR® van Enk, Kimble,
Gea-Banacloche HOFERAFHTHZENTEIUL, BITOZDORERNET VORI F I
LTOWDEWOHZ T DT E1F72<725,

ZDIORTFIENFIRETHLH VI AR, &7 HIERGR TH LB TS Wigner-
Araki-Yanase OEHNOAELILZ, 19604FIZGE S22 E#CIE, IEH BAEHOME
HIPRAT B LI P B B OO IEFE72 I TE SR AT REZ2 Z DV RS AL, E DREZIXE S E OV A
R (BRI ED I BO W FITHZEDVRIB ST,

O BB EMEFRENDEONDD T2 EW) TAERH S T203, WEROEAENLIL,
RAFEN B LW (B ELEZZ T 720 JIE TIE, ENEIE T2 B B DORRZEVHEH T 5 &
WO F BT Dt LMEHIVRD 5Tz, Ll Wb L/ NEO REX D FIZL-> T, &<KERLE
AT WHIE DRAZEI T BT 2D Tlidel, BiLzZ 2V B EOWIHIREEDFRELE I T
BBV FENRIAINTZ, ZOBBRK) S Wigner-Araki-Yanase O EFA E&MIZIHS
T D772 AR (Wigner-Araki-Yanase O EHED E &LA) MNEBITE D,

ZOEEILAA D i L2 > T ET, JEMAAEH LB R OHHHIENOTS — O rE R
R OMIERED DIV, PRAFIERN 72 T HIBINOTS — b SEEEIZB1F AR Ak iR 22 KT
ANRESNTZ, 5l&FV T, Hadamard 77— D32 ZRBIT 5 ZE AN ESNT, ZHHD L
A3, 2002473520044 (203 T, 20054 BAAE DO AW FEFHE ORI L TV,



2005%121%. Gea-Banacloche *®IL[AEAFZET Hadamard ~7—bhEIEICRITHEAEARE
Jaynes-Cummings &7 /Ui HL T, SRAFAIZZE T BELNI AR ET T VOB Z B
RS LA R L € = LR — (R EHI D EN NI RE ST, B 1) BRI ONAIFELE M HE
IV RRFEL RS THHZENALNCENTZ, 2022V, Ttano ZOHEHIZHEEHHF, van
Enk. Kimble. Gea-Banacloche HOfER D E XM MENEASHI o7,

200645121, RIKREDILFFIETELLDF —bOHiHlZ— 2D/ VA TG THZENTERN
ZENIRENT, ZIVETOMNZE T, ab—L U MRIBIZB T D EKG IC > THIfiESN A1 & B Y
r EO &V EAEOBROMERITZ OIS LT 22 ENH LIS, NEFE YR
LA — D& R LR — ORISR TIT29 5 A 1T, SEENF A NG T D0 ERHHT
EEIRUTZ, 6o T, —EDRRVIER TEL OB HREEIT/RIT2D OR/INDO =RV —L, T
HOFHFES —NMIBWTHA THIENTERNZENFEmIND,

DL EDORFZE T, A EMEREE R 35720 KERIIF —MNEEED ERTHE2LNT
WIZHS, ZORFGE S 1EZ NOT &7 —MT#EH 328 BRARRDGLRN VS RTED BT,
Z O EE RIS 57280 R A DS R — R RS FE S <HT L WIFSE 5 1A% BRFE L, 2007
I, BHRERE B AR THAE VR ORAFERIOBET n & FE YDV A XEFFOHlER T
NOT %7 —hzFEETHERFRERFRVMERDN  (1/2){1-cos [2 7 /(n+4)]} FEE THHIENGD
7,

INETOMIET, A 'mFE vk E® Hadamard 7 — MM EEELRTFER O & TR
THHE DS —FEREE (1057 —MNEEED2FE 5\ AE) O — 722 FIRAS, A e e M
JFREDDREOI, Fio, N—RBEEEIZBI 325543 C NOT 7 — hOFRZEER D FERBMELAL,

WAZEO TR, NS DORFZE 7 %5 W T AEBDRFIEROLE TEED 1 &S
NP = NDOEEEICBITHREE R A ZHONCTHZEThoTe, ZOMIEICID ATBEO2=2)7
—h Us ZAEEOINERRFE L+l OFEOLETIET L, FEshizF —to2=4]
77— Us Tk 2IEEED,

B=sin2 (0 /2) sin2¥ (1- sin2 (0 /2) sin2W¥)/(1+ o (L/c)2)
PLETHAHZENELNTZ, 2212, Ls I$& FEYRRORF &, LITHIERORF &, Uik Ls 28
£ 7% Bloch Bk [El#E# - Us 23T A ElEREE OFART AL 0 13 Us 2534575 Bloch EkD
[ml#5 £ (Us OEAEORADZE) | ¢ 1% Ls OIEEOIRREIZ BT DI UER 22 D5 KA (Ls D E A
EOZEDHMERHED 1/2) 223, — 7, Ls DaldR#E#%E Us ORIERHHOEVIZ 0 [AlH5S 72 i &[0
SHDHHIO Ls OEERHIEDO O A% 2y L9358, ZOfEIL, B=sin2 2y /(4+4 0 (L/c)2) £FETZ
LHTED,

Us DEAEN 1, 77205 Us N H CHEDOFAIL. 0 =x 72D T, B=sin2 2¥/(4+4 o (L/c)
2) BFEHND, ZOFREFIZED, A 1/2 O&FE YN EOTEEDO2=4) 7 — e A N/2 5
OEIFEF EDBEIFERZE (DFEY 2 TOWIZHOWTHRIERIA R ST ) F A AE ] CHET 548
AT 0= 0 = n/2 OBAITIHEEFEEN sin? 0 /(4+4N2)LL BIZ20, /2= 0 = DAL
FERBEEN 1/(4+4N2LL BT D RENTZ, T ~—L 77—k NOT 7 —hMEI =7 D
BAT, ZNBICHLTE, FEREER 1/@+4N)LL BI225, Zhicky, £ To1EFE v
—MZX LT, AEEBNEOMREELNS, 7oy TDOARE L B D 2R\ 4 %47 — N Eik
DA AL REIRFRFENN BN D ENHALNI o7z, DFED, ZNHOFERENE TN A 1T EARRY
A HEAER DOET MZEDD T — KNI EANL T AIRAAEANCEE SSH DO TET VR0 EED
BRI A SNIRMRARR 72§ CThHZ LM GNIIES T,

Fio, 2R 7L —E —NEMYG O BAEHOLOIZ Jaynes-Cummings E7 /L CrlilE
NHEEL, Ls=0 2, L=2a"a THY, HIHRORIENSFE A5 n Oae—L U NREEDS A,
c=1. o Llc)z=4 0 (a'a)2=4n, L725D T, B=sin22y /(4+16n) NGS5, 72720, 2 v 1%, z il
% Us OEERHIO V(2 0 [BlEESE 72 di AR SEHRD 2 il OO f ThHD, Tae—L R
I3 2B RAHY , ZORFICEBICBETELEMFFT DI LT TERWVD, [RAIEYE T
BAT R BB LB A — DR )L — U —2DH L TlL, BB O/ NS VEREGI I LA HE
AR S AZ eSS IVD, ZOZ 8T, 25 QED 72X OYtE WAl LY NMR %D
TR SV AHE D I 3 [E]— D TR LK — « U — A THIE O RS FE BN N H D &R0, &+



TEHRDZDIE A THO G JE DB MRS T L LT I TH D,
3—2 FHEEMEFE LR AN BT DR AHEE OIS

Wigner-Araki-Yanase OEHIT, HIEFHAAEIZEE T 2IMERIRFEIFAET D5E . T4
CIE AT A7 W R B D B AT RE CIEMEZRIE 1X R AT RE THH I E& EIRL TD, AHFZE Tk, HI
TEIEE DA NKERERRETHHIEEIEL T, ZOEHEZFIEMRFREICIEL, #iE
HRAT R EFE A7 W B B DO KB AT RE L IX RS2 W — R O E DO AR AT REMEZFEBH L=, ® I,
FVEIRAFEDFET D56 OWEIZBIT DL 2FIRZEZD TIRARD | fR72E /NS T 5728
2, INERRTF EOGA TS E RICE FNDRITFEDO D E /NS T DM ERH T2, 5
BT B O A I E BRI GEHER 2 O I T 5 1) 2/ ST 20 BERHHZE D
M ULT,

BHEE O REDOHABHRIZOWTORBEIEDT-D , BT ¥ R E ENDHIEHEE ST A
—ZOHEERBEZ AL, ZORBEICBIT DT 2 7 VAN LD Fisher 1 #HEOH K%
BB T DHFZEEFT N, 2L UL A DIRMES ST A—FHEE BN T, RO EIRAY3/2 THD
ZEEFEAL, Fo, WO DFNZIBWT EIRE R T D&M E RO T,

B F vy VIS E ENDIRHEE T A—ZHEERED N (KYEREAZE LT, — %L, kD
Fisher f§ &% 15572 DI21F, ATPIRIEEL T N KR D=2 7V A N B ZFF O ER
FIH L2 U250, HEF DS, BT v VBRI DR, = Z TR
CRERIHT DL S RTTREIR ASTIREEIC W T, Jx KD Fisher [ HMENGHNLHZEER
L7z, 1o T, ZOIH7RAITIE, Il 7/ 3T A—2HEE N HER AT A S ([ Tb s
LR TED,

3—3 TAIYR LD

B At —XOMREE HoICE [ EH 70X, BE O v a—X ETEIET 57 LT
ALET RS, BarEa—HHHOTNAITYR L (T AR L) ZER LT UEe bk
Wy B TIVIYRLEL TB A 72T VTV R L, 19944E1C Shorlz ko> TR ESNZ KK
S REZ S B 7 TV A LE | RSO R TR R I BB E A iR &7 v
ANTHD, 200142 NaturelZFZ SN 727 3L [Vandersypen et al.: Experimental
realization of Shor’s quantum factoring algorithm using nuclear magnetic resonance,
Nature 414, pp.883-887 (2001 Tl%, 15 % 3 & 5 (Z4f#T % Shor OREET LY
RAEB, 3T A EAWZTR 2 — By MR IV a—F ETEITSN, Ll 205
TETENTE T TNIVRALTHOLNZ & FRIKIL, F2—Ey MIEEBEE N OTDIZA
F13 DRSO TREFSITERY, 165K DA NE > iF 3 LR & 1B I3 72 -
TV, Z2ZC, FAE VB Farta—4 ECTEET S, LA TR &R O
FEEFE LT,

HFACBEFarta—4 ORI, @O REKERRY  FHEFa—E Y ME O
FAHAEHDO B ZHNTHEEIT), ZOLH7E T /W ITHE 1A O AT HIEIC OV T
Lloyd (Z&5 B2 [Lloyd: A Potentially Realizable Quantum Computer, Science
17, pp. 1569-1571 (1993) | 23HBILTNDN, WE DTGy F AL EfarEa—
X L&A B~ O R e S #5153 [Kawano, Yamashita, Kitagawa: Explicit
implementation of quantum circuits on a quantum-cellular-automata-like architecture,
Physical Review A 72, 012301 (2005)] T/RENTWD, ZOEWE FHOIUE, — RO & 1[0
AR AL B A Ea—2 EOT VIV A LB THIENTEDHID, M
72 R O E T BT B R EK T,

A ZTO T 72D I WS ILD E T Fourier 24413, Shor D7 /LA VAL Thed B H /2 #E
YECTHD, ZDOE Fourier BHA MO EHLLE X 2 HZEI2LY, Shor O T /LT VX LADPLIEN
AIRE T2, AWFZETIL, —fikft Pauli BFEOIERLIELL TERSNDILHE Clifford FRIZIERL



770 ZOFLH X, (DIEFE Clifford #£1X &+ Fourier Z#i4& £ 45 THY, Shor DT /LTY R L
O BRI PERENTE S, (2)Clifford Bl & =7 —5T EF ST AW DL | ST OFI
D, BLNE 73T EORFHISH TELREM 2 B 5 . (3)Clifford #EE HWD LMD
W5 EE 7 e ha VBB CTELIENHLILTEY, & FFHE UM IS HEFH A A, 72
EThs,

JE3E Clifford BEOTEOERILE 4 2 DOITHIOFITESI, ZNENNELIZ, &
Fourier ZH#DYLEL 2 DO MAITIIORBIZ o CEHIENMLINL TS, 22T, &1
Fourier ZHOYLIESIL, 0 H D& Fourler Z#ia 32173 5 & 7 RIEKIZISWTC, HilEE] RS
— R [BIHE 4 2038 Y 7272 T A S Lo b D Th D, 7235, 1% D &+ Fourier ZHiTlE, ZD#F
BEE 05 1, WD ENT D5 AATHIA AL TH E70 5T D, T Fourier Z#ADPLIRH )
VXA RS S — RO [ElE A - 3 AUL L < )EAATHIER 7 1L EE S — R eI EE 7 — O FF
\Z iR HZENTED, ZOZEND, YEiE Clifford BEO(LE D TE, S HIEEIZE > TR
\ZFATRIRER Z DS RE TE D,

WAz, Y56 Clifford #E& W &7 VIAVRLADRGHEE 2 D720 BEFO &7 VIV X A
DORERL T L% PR0E Clifford #EDONL ) 0B 2272, L5k Clifford #E1X—fi%{t Pauli BEO EHME
B2 T, 72 n TRl BEE L e Z 228D | —fikfk Pauli #EO LA B DO—%{k Pauli #£D i
\ZEHT HZ LN TED, BT Fourier iz FHWALAHEE L [RICFIEICKY , =XV ZE L[
AIRREN B2 b e, ZTOEAEDOMAESS 72T 2 i E V2 R T 5 & - FEFAT 52 LM T
&5, ZOEMEIT %t Pauli BEOILEARINDHD T, 1i Y 72dL8E Clifford FEDLx HW T, x
i JE 0 Claldis 325 & HEICE BT 52 LN TEHITT ThD, EBRIZ, ZOHEHE Clifford FED T
ELTE T Fourier A RATZH DN Shor ORE M RERST VIV X L ThHD, —77 . Shor
DBEFOS BTEZ LT VTV XN E AR 7RI E DL, BB E ENOE D
3572, 2 O & T Fourier NI L2, TORER KB RIVEZ<DF 2—E )
DB D,

Shor OEEBHERIMEAEMEST VTV LA R L, $L5E Clifford #4 H WAL O IH7e &7
TNIAVALEFTAIREZ LT, Al FIETIT z dlEvE Rl 35 —#%{k Clifford FEDtx &
¥ Fourier 2% H\ N Cx 8l A O O [RIERICEH L 7=, ZORIERA O I, fHBIE Y ML D &1
WRROENQHDOELRDZENLRAETHIREEDAVIAALTND, ED7 | REMBEZEETD
7o, Bl E+F Fourier Z#i4 W CAREMATID L IZLOITHLNEZ S AE DY
THESBEMEZ T8I ZOREBELHET D, ZOEMEILET Fourier A5
IIARFIRECHY, F2—E Y MIDHE 2 DIRIRE/R > TS, L, Wil bk efiiikE Clifford #f
DILEL T, REBOUWEAFEREL TEH I, BINSEATERE R, AN E IR L3 BN RS 4LiE
EEINHHDOERANIL, Fo—Ey MIAEOL CTRESZ I T8 EL B2 28N TX D,
ZORER RET VITVRLTIL, Shor DT ATYXAIZHARTD 70 F 2 —Ey ME TR
RIEZFZ LM TED,

BRI & T VA RAX, Shor OREBHETEIC T 57 N TVR LT 58 KT
35D 2 BEETHFa—E Y MIEHITE S, B D3 Ea—F ETIOT VAR LE T Ial
—ard5E 15 Fa—EvhE I Ea—4% T 62t=152 mod 173 Dfif 32 23 70% T
Bohd, -, FAL¥Fa—Ey MO R FaLEa—% T 84100 mod 103 OfF 3 Mk
60% THOND, ZOIINTIRET VAV X LORFHEIL, @R TIEME2 G541, Shor D7 /L=
VA LD INGFONTAEZSHICH AL TEZZ RO DM BN AITHD, bodFa—E v ML
D7 NEIEL T, 8 Fa—E v hETFa B a—4 T 345 mod 11 Off 3 Z5t5H 3 M
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IR EAT T T, = 2 TNV AR CER WG AT, ZDO IR Al REMED 72N 2 A B 5
MLz,

3—5 BROALEST

AWFGEX, A —F 7 Ve B 5 R B R 28 5 07 VAT IS T BT
B> TARKENZIEH T 5809 B AR R 7o A B 7298 CTHY . Heisenberg D i i MR EE
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MR DA S ND N F
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Steps toward Molecular Spin Quantum Computing and Quantum Information Processing:
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 1V
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
quantum 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 XIIth 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.

/NBIEE, B ROBER R : B HmEE T RS, A ALK ER
B BUL, 2008 429 7 25 H.

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)

0. 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)

0. 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 1"
(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)

0. 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 140 (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 (QISS2010), 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)

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

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

(2010)

0. 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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AEJNBETE /N EGSE, A FEMBE. Logarithmic—width Enumerative Coding, 5 28 [B{f #R L ih
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RAHIMI, Robabeh«#E#EFI15 « P4 FR ST« H RO - S A0S - L 98- g AR(E — - 2R
g« P — A - AT - TAZRTG. SR EGRS S CW-ENDOR KUV VLA ESRIZE% QC
DFAE VT 2= =ha R U ROBRIT VO FEER R E LR EH R, B AR
TR 86 FAFL, 2006 4 3 H 27 H—30 A, HAKFAEF v /34,

RAHIMI, Robabeh ZEfEFIE « 78 F R AT 5O - 58 AN 55 - LA $nRE— - ARG -
Hg—ak - AT - TACEIR. BRORBEHpfE T - PR RBe s - Jr K Pe B - JST CREST. =
IR EAS S CW-ENDOR KTV UL R ESR (252 QC 73 F AL V7 = =/L=baXx U RO/
KRBT Y VO EBRAI R ELFRER. 5 86 HBFFELS. HAKY. 06/03/27-30

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.

i FHFN1T, Nuclear integrated cross polarization / Studies on MQMAS under strong rf pulses
using a microcoil, KFXKRFEFEMEITEI T —TIOVERRAERS T RO 2D
L7 ik — iR AL LR BRI E — J, KBRS FVEWFZERT, (2006), 7/27-28.
B, 237D NMR Zffio7- B a— 2O/, B0 T H#ANMRIFIES, K
PR FAr A L6 (2006) 11.2.

HHEFI1T, A laptop NMR spectrometer, % 45 [A] NMR #ia4S, WESKFH B ERZ B
&xfE, (2006) 11.22-24.

Rk, EFTT, v A7aaAf Lz HOTZ3ORFBE FIZBIT5MQMAS DA,
%5 45 [8] NMR Fames, AUHRS B FE R R A RLaEH, (2006) 11.22-24.

Robabeh Rahimi, Z5REME, FJRERR, Jb)IIF5H, Single-experiment-detectable multipartite
entanglement witness for ensemble quantum computing, H AP 2007 FHEFERE,
JEE VB R, 2007 453 H 19 H.

o H F09/T. A highly integrated FPGA-based NMR spectrometer, 25 11[H]~A 22 A A—
CU TR B ERR R = Hx v/ A 2007 48 H 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, 5 63 [B] H AW ELE SR K, talk, 26aRF-4, 3 H
22-26, 2008, ITRERZFH AP v/ 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,IT Ciocco.Itary
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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
quantum computer with dynamic nuclear polarization using photoexcited triplet electrons,
22nd Quantum Information Technology Symposium, Osaka, Japan (2010), May 10, 2010
B S, BRI IR a2 — 2Ok, % 3 3] KARC-X @4
BIF TR IERFFOREREZLES ] 2010.4.22

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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Morita, Y.; Nishida, S.; Fukui, K.; Sato, K. Shiomi, D.; Takui, T.; Nakasuji, K. Spin-Center
Transfer and Solvato-/Thermochromism in A Purely Organic, 6-Oxophenalenoxyl Neutral
Radical System. 55 6[0] 5y AL U EERS RO A 4B KFE 06/3/14-15

Suzuki, S.; Morita, Y.; Fukui, K.; Sato, K.; Shiomi, D.; Takui, T.; Nakasuji, K. New Ligands
with Extensively [1-Conjugated System: Syntheses of Nitrogen-Incorporated Phenalenyl
Derivatives and Their Metal Complexes. The 7th International 21 Century COE Symposium
on Intergrated EcoChemistry (COEIEC VII, 25 7[a][#EEE21 AL COE A AL AN F25).

2005 4F 12 A 20 H  KEATAINE VL,

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 VEVEER LS 233#% (The 2005
International Chemical Congress of Pacific Basin Societies, PACIFICHEM 2005) .

symposium No. 94 entitled "Molecular Switching", 2005 4F 12 A 1520 H ., KE DA
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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 K FPEE BR{b 54 5% (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
A, KEATAMA L,

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. Shohoji,
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
15-21, 2005, Honolulu,Hawaii, USA

N. Mori, K. Fukui, S. Nakazawa, S. Takekuma, H. Takekuma, Z. Yoshida, K. Toyota, K. Sato,
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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

Ist 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

Ist 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

Ist 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

Ist 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

Ist 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(II)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 Ion Pairs with
Alkaline-Metal Ions

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(Il) 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 | Bruker BioSpin 14 w22
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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 scurce
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 i
commercially available only recently. Key b
pulsed EPR experiments are Soft ESEEM E ! ?‘

and TPPI detection. Further, pulsed EPR -' iyl . )

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

Quantum Computing experiments.

Two Frequency Soft-ESEEM

Soft-ESEEM (cf. Schweiger B 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
resclution and selectivity.

il
H'HM\'\MWW&WVMBI&lﬁ%ﬁm}ﬂ#ﬂ%ﬁ%ﬁ\‘#

Q0 amw £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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