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L2 L., 20014E(ZKnill, Laflamme & Milburn® (2 Xk v, MEEHEHET LK
TR, KFEREHFEOLEZHW, oGV D Y Y =22 Hninws — M
ERRRENT, BT ZORBOHAMAZHIE LR, MBI, RUFE
1/3%FF OB —DFEHN 2 T EFMMAY— hE LTEMET D2 & &%
A (Phys. Rev. A ##). S HICRAERDOEZE AT H, 10000 R TS ONE
STHEEMDZ EBAHERE T 7 4 /L — (Phys. Rev. Lett. f§#) ¥ %
L7z,
WIENFRFICKDHE S, v M7 — D FESL
RELIZEFAES — FOEBUCIVAMMATL, Ficlii@mWiERE ot 1xts
AT DN AR (P (1) ~0.55) ZERR, TN a2 HWTERZITo R,
EHE S NEIEOFEBICHKD) L (ERmEMP) ., Eix. FAEOMEA T
FRFHIC 7 4 — 2> X T > RREZIZ L - THNZIZERR S v, B 51320044 124
Wy FOEBEHRE LTS, Lo, 50 FEICHSTRED LA
BT E T ORZEENE WD, 5% OPLIRMEICENL TV D & ) FILEAR
ORI
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E. 2HTIRED ONAE WV DORRAEFETRI D)

[2 07— 2 IR b DG VWO 2%, ThiEHT 22 L
I Th L7z (Phys. Rev. Lett. ([Z##), 26+ — 2 6FIREMbL OGN
B, TOREERE LD ORIELZOITMBRY A THIHTTHDH, =
DR TIX, 2 2DOKFRRZEMMICHE —E— NICFEET 20 E I nE b D
NAEWEBEL THRIELTWS, 2O X2 HFBR—F— RIZHFEET DR
B, A TrEAVWEETHECBWTOE T HES — N TURARNICTFEET 5,
AWML, TO X5 — MBI 2= 7 -8R %2 EREMICHERT DB
WMWAhaEHG2DHMTHDH,

U EOMEOFTANOHF T, IR Ao b ol [ERRETT LAR—T —
3 VORGEER ] IZOWTIE, ClICBR R X S ICENEARE LT DH -2 LN
B, BELRRELEZ L, 20 NICIRERUERE U 4 — L RFD TV — T BNET
HCHESTZZENDLAIEZEFE L, EOFRICORT M TH D,

2—6 BFaAVEai—42BHMEISIL—T

A BHEEBRNT o —F

AREHGRNT Ve —F T, RCERTRIEO R THARMGRAME T LI L%
HEE L U ek O & T Turingf 12 S < GHREOM & 4 & 7K IC OV TR
DI, ZEAY A X —FRE 1 RIEKEO G 2L+ 55l 2372 T, BIClEF 2
Y U7, AR L 443 H £ C/MBEFRERBOA HRRFRFFEAEL LT,
1 4EAADPLEHR 1 5HFEIAETTAHY 7 A7 +— FREMER & L THZ%E
AL, ZEHAY A A —REFRIEHEITIEF7— ) LB a 707 0T Y
AL GBETTNITY RLDT T ATHY | LHEAXFEME T Turingté ik & A R85
AZEHFLCHAEENICRAE TCHL 2R LI, LML, —AFCETF7— U ZH
70 8RR LIS AR & 7 Turingf i THUT 2 2 Lixc&E Rtz b
RLT, MEOMBRERSC LT, ZO/END ., ZEAWK & T Turingféhk &
FERIFAERETRIEDO Y T AZRALDICTIMNERE L0, ZHEHAY A X4
PRAR —FETRIEEOMEZH H-IZEAL, 207 7 ANZHEANREM & 7 Tur
inghhk &A= L TEWICHEK TE S 2 L 2R, MA DR RS2 L
2o ZOZEIZE Y, BT Turingf$ 2 S B FRIRERIEGZ2EBROET L TH
LETFEPEICH L TRBICERTLZIENTELLIIT ko7,
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B. ETFNFENTTu—F

BFNFHNT 7o —F TR BFHRZFOREOEFIRAOHMEZHEET 5 2
EERBEEEL HEOHRE B TRIEOVENFEROHEHR A ROT LI LITED,
ek, Wigner-Araki-Yanase OEH E L THION T RAFAIO E & TORHERE
Eog&f Rz EREL, CNOT 7 — e EORIEMAFERICKIET 2 &1 5H5H
KT ORBEDORNZH GHH 2T, PG E TICEDORRE/T-, TDOHRED
EXICEMLULEBFENREEZFA LT, 1927412 Heisenberg (2L - CTIEREB I
TCRIEREE L BELOBIR & L TORHEEMEFREOIE LW ERAL (5 U A A i 8 4
) 28 Z LIk L7z, kD Heisenberg O AR EMEREE) S Wigner-Ar
aki-Yanse OEHLZEL Z LIXTERVWEINTEZN, ZOZLIZLD, HLw
AHe EMERER ) GBI S S ATREMENEEN, OO RMAEE L2572, 2O
MEITERLSLT 2T, BEMANEEEFREORNRGAE TH D,
BEELREICE T 2 A E MRS | RAFRIO b & TORIER E ORI 2~ 4 Wig
ner-Araki-Yanase D EH DO EEIAEFEXLEHEE, Z0A%EKX )5, Hadamard
TR R l0RFHARTOHBEDEFRAZEBEES Z LN TEL LTS
o BTEHBEOLI BB LWSBONE T O L 9 ety iiy e Bl 2 & TR AN 72
BB A A TE LI LIXLENORETH Y FIHOFHE TIZE WS 2T 20 R
7R PR PR N R S T,
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3. AEEE
3—1 F—LE2EORE

DFEFALVE2—FNRT N —T N BAC ' F A a—OKRENAr—7EY
T4 %R DL RE 2 PR AR AR L, W BR RO W) 3L SRR BRI A0 B L 2> 5 il 2 B I
NELT,

BE AR R W S R 20 27 L — 7" D3 S i il = B TR RE & 7 B A R R R Y D i i 4
KigEZRAL, —HEE AL LRERBRED70%E NI FEB I 72 AL R i %
ERL, 0 FE A a— 2O L O fRe A B Vo, ZORCRIL, J. Phys.

Soc. Japan (IF=1.903)IZWESN TS, £z, N FER TN L - TEEAE 1 1 55 BT
TN —T By B ara—X5E 7 — 12 = mIE R e 2 W =Bk
WL AR, T e T o & FarEa—25s L —7"T, X VULA
FEARIZ XD = BHIERAE DR 2R O KA L., J. Magn. Reson. (IF=2.084)IZ# 15
L7,

fign A Ea—ZF R — I B TR e ZIEIZ L5 T35%E
VOB R R O TENC B E T D E R A ZER L, ff & 72— 20y ERr g #H1t
D A[REMAZBAVV -, ZO R B 1XPhys. Rev. B (IF=2.962) ICHE SN TV 5,

T ETaVEa—25ES v —7 1% BN E ORI TR EL A L D=
DT NAVALEMIE L, FEFITNRA R E T T — X EM T VIV LEZNZ I
FIH T 27200 T EMEDO FiEE2ER L, T —XEM 7 VTR LSV TCIL, IEEE
Trans. Information Theory (IF=2.03) IZia ¥ +ahLEbIc, BFHEAZ T EL TV
o

INLOEEIZEIS T, BT BIOREREH WA B o B a—2 O M
AR T DB DT HIENTE, BAE V& FarEa—2oO W) HM b B IS E
DO 2 W B R AL | G ER A A 1AL oo Tl 2 AR A Y ISHFZE L TV D E 2 AL
= AN

BT Ea— XTI N~ BEfarEa—XHEGE T V—T L Ol
X, BAC VRO T & T Ea— X 2RO EHEET S 720 O - #i5E
B2t BRLTEY ., EROWHEREO X 5 ICEEN R RZHMFELZH O
TR hoTz, ZNTH, B a v Ea— XHGMHE S V— 7 RN ERL L TPhys.
Rev. Lett. (IF=7.035) IZRR LIRFAHNC L2 E T — FOARAIEERFRY MR D
HENo, BAC 2T VAW THIET H2E TS — M TR, 7V EON TN K
TN, RAMERRR Y ERITF /NS N ERfERINZZ &ix, BEEAMAT
bole, . pfrETFaya—FMREIN—TLEFa Y a— ZHRIFES
=T DILFEFRIZL > T, NMRERIZBIT L F TV R T4y B
FARZOWNWT, FlmmAN S5, L, O TELRMRIL, #Emick s
Brarva—XIlETIMEEROAETHoTmEEZ TS, flZIE, BAY
vEAaVEa— Al NEBES I —ZOB T AEMAr—7 Y T 0 ORE
EHAETEREZLE, BEVWOIEZRKEIED ETRWIZHERDH -T2,
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3—2 HFEFIAVELI-—SIHEIIL—T

(1) ARRBRUEE

KT N—T1F, MR T—L2OHEE LT, BAE XYy NY—F B Ea—
BT D AR RBEORRE 3 FOBAY y EHWEHEDOEFa B a—
2 DORBEHEL CHEEZIT- -,

DTOBAE Zqubitl 5, WHhWHINMREfFa U Ea2—XdE, 1996
FEIZIMI TO 22507 )v—7F (Cory, Fahmy, Havel [CFH97] & Gershenfeld, Chua
ng, Lloyd [GCI7]) 2 OLMANLICEREZE I N7, [K3.2. LIZ/RT X 9 I A VU 3§
G CrEEEE ATV, TDOT 2 b — L AR IR CIIRE & i E v
W, HIBRESIZ KD 1 —qubitDREIEER J FEG 2o 72 2 — qubi t [ o il 85 5 A3
ERR A (NMR) HIFICE > THRETH Y, 2= "=V L& 17— b A
HOETETHEBAMI Z ENRNABBIEICITZ D, £O—FH T, lqubit®
BN 1O0OBREEF TCLAESCERZVDOTIEZNDN?2 ] EWVWIRAT—FTE T T 4 ~DOR
LR, [RYIZETEHERON? ] L) BEFHEICXT %808, IELWMN LT
FELTW, FAELHISTIEARL ., TZoHFEIZa=42 ) —2EHBFEICIT 2 Tk
JITED, BRY 7o < HRICHET <, LW TV, qubitZ T
AREMEABRTHZLICE T, TOREZWLMNICTE D EE 2T, KA
DI|-EIZE - 77,

COOH

© o

0> [1)
BAE1/2
=qubit HF
==Fa>Ea1—¥%
BhabtiREE

L O
1 oy (0)+1)/42 (J0)+il1D)/42
NMRidiTI=s [0, 92=c0s(6/2)0)+esin(6/2)]1)
i FaAE—L Y RBERAT,~1s GAR)
(3.2.1 HFOBAVY Zfiolc&Fa s ta—X
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A, BAE Xy P =2 B&Farta—Z OMERRE

BAY v Zqubitd L, NMREMICE->TENS ZHIHT 5, WhdbHNMR
BEraAYEa—FICEALT, b ) ERZEOMIEHKEFIHZL T, TOETHEZD
SHERAZZBH AT oNT., T b0, EEMICE=ERICBITOIEAE D
BOLHDREOELME S IZBT 2 b D Th o123, T OFRITIIZEA /KA ORIED
MBERNEATEY, &9 THIEMERATRENRHTH - 7-, BAE VIXFEHENR
AIRET, 10" AU EREDOZH O (& T2 Ba—F) ICHTHT7 W
YTNAVRMMELNTERY, O, BEBEZONTVWIERTFaALVEa—F LR
L ERDIENRDD, TT, WEICEI-TETFALVEa—XORELZIHFSE L H
MR ME 2 72, F2, FREHEEZMFB & FBRVITELEI RV, TD7-
D, INHIRDODIVMIMESCE TRRVITED HIEEZBE X 0B RS -T2,

1) NMREBRIZBITDZ XU TNV Ay O

B-qubitD/NS 725 12 o T BRBFEHENMR ERIT, A M O6E e Tk
HFCE-oT, 222 ) —REFHAEZHKMWBHBEIT) 2L TE D, Tk
W, mF7 Li—7 —3 3 [NKL98]. Superdense coding., Shor®O&F+7 /LY X
DT LD FRESfRIVSBHO1] 70 & 2 X U TNV A v L EZ bNDH S EX
FhEHEHR - BETHEOERNMTONLTWD, — ., EIREK O BLEIREE TlE,
OO FDqubitficiE= 2 7V A ERFEIE LSRRV LR, PRI
REF S TW A [BCJ+99], ZOERBMEBEBMOFIEZME L, WEZ DT HT2DIT,
KEFBeA DORahimiZEA ., NMRIZ X A Superdense codingFEBr (X3.2.2) O
MREEZAT o 7o, £ O, |IROFER CHE b 280 i, B&r 7R
VY —2DME (KREZR) 2T 572 EHLARWVWE S ICHEE L, ZORE.
LR Z Ensyinoilz,

(Z1)

PlOXO0l+4|1)(1] +6
. —H H1Y s
Alice Psh Vo N » Alice

A0S P Z1 X © L
_ 7= l (£2)
Psh=Pr |Boo)Bool +psBor)Boil | x polarizations
+qr|Bio)Brol +gsB1)Bul | z,x={0, 1} (5'=p—q=22p—l
e=r—s=2r-1

.Bop J 5.e~10-5 at R.T.

X3.2.2 NMRIZ X A Superdense coding® FEER & X

DO = FUTNAY NBRFELRWVHEE TS, 1-qubiticfF 2t K 7=2-bitdD
HIERZ2 E LS KB LTEBEOE SNBSS N0, E5REIEAL DY)
HA R 2t 3 5
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@ fHx D5 TO2-bitlREDOLIIHERIT, B TITIFIEX25%THY ., 1-bitd
HHGEE S 1-bitDa A VETN Y- LETRELIHMERS 0% LD HIK
<, BARICEMMZRERICH S, L, 10" EU LKAy 723 IEFIC
B LITED, REELTORDMERILLI00%ER>TWVD, E-T, Z
DORDE, BT (o Z 70 A 0 M) X250 TiER<, w72 5]
PEIZE Db TH S, (GFIZ, Z0O KD ICHEM & HAF S & KB D072 0
BRIZ. NMR O X 912K & 22 #0052 5558 TOFEBRIZH S 720, )

@ T UHUITNRAY NBFEET DO, PR ES | ¢ A (1+6) (1+e)>2D
T, FIEOHAIT=e>2'"2—1=0. 4142... OEKTH S,
ZhiE. @D 1 FU T ORHERNEI ERS5 0 %2 Ek s T 5,

@ EFEEmEZEEMICHIETCENE, 2o VA NOFELHETDHZ L
MNTE, ZRIEH LWAATOZ U H TNV A N T4y hxAELTEX
b+ ENTX S,

[R. Rahimi, K. Takeda, M. Ozawa, M. Kitagawa, quant-ph/0405175, & &

i v ]

ZOMENS, BTNV A N EERT AL, PIHEEEREE RENICED 5

VBN D Z ENMER S LT,

2) NMR EBRIZI 1T 5 a5 mE oA 1

NMR & 7RI T 5 & HI0m LWEH & LT i@ b A T 220
EWIHFERNH D, [LPO1] Zhix, FSICNMREFHREIZIEFIRETIZARAVE
WO RA R TR D,
FERTONMRERTIZ, BAE VOB —v V=RV — DN R LFXF— LD X
LM/ ENTE®, n-qubitD RIS T OBCEEREX, | 000> 5 | 11
1 >ET2MEORETORENIZEMETEG LEZRETH D, Z OERELM
PR VIR BE il o 72 FEBR S B MR BB I RIS T AR R 25 2 -0z, BRI e &
FEIZIN DT 72 EER FIEN B R S VAW L LT & 72, [GCI7, CFHI7, KCLI8] Z AU,
2MEDEED I H 1 OORRE (FIXIX| 00-0>) DHDOEFETEERL T,
oo 2" = 1 EOIEENS DIEZEMLPDOHFIETHET IO THD, kb L<
b TV D REFESE (RS 0 k) [KCL98] Tk, ZE Lizvwiikee (B 2 |
00-0>) Ao 2= 1 HORKELKAIEL T Do =& U — 4% ZOEHIR e
Wi LT, BN EOFEREZ 2 — 1 {7V, TNAOLOFERERZELAD
L2 LICEoTIT2 TS, ZOEPAHIEIZIE n i3 L THRERY 722 F/H 23 50
LHZDOT FATLEEF T AT ZANHBEIVIFRWICEHEEL LD THo7 L LT
b EREPAHEO FEEMBRINTLEW BREEEZEB T2 L3 TE R,
NMRZffi » THTh N 7=Shord T /LY X ALIZ X515 =5 x 3 DFEREED EER
[VSB+01]i%, Wef PHEEfE-> TR, 2O/ > T 5D, #EFH LI
1. BRREIE DA & 22 R [CFHIT] . GmER 7 ~ULEE[GCOT] 2 BN dh B 78,
% TN MEMEOIE TH LN T D LI, ZOHFERREIKLT Y VY —20D
TR ZBET 2 O IXFEEMICA R THY BEORE TRIEEZEHATH LIET
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ERAAAR

VY —2A0EEBER DR VEOE FHBEIZIT= X VA PBRRARK
LEZOENDN, BTN A L RNEDOLOIL, ARIE TELUB AT Z LI
FoTERTEZIEALHHAOT HENEHEILLY ECHRFFETERTE D,
=72 UL U b X 5 IR ) Y — 22 ffio CER LIz v X T A v
Mz, U D S DD EAERE S TWENE I T EZRORETH Y |
KWIZEERIRN B D, T D72, BIEOT X 7V A 2 b ORETIL., BEH L
OFERZRT 2, WTFRICLTYH, BREFETEZME) Z LIk o> CTHMTH T 58
MR B EZHFE L CVWDO T LB LWVWAETHD U Y — 2ADOREIER & D
RWHEOBETHEOEBEZ B L T, EROBELHME & IIAREMIZ R R D H -7
ML 2 52 & & L,

3) NMRIZL D&Y FTIED R

— I, BT A a2 — Y ERBEORRKOBEEILIT 2t —L U AThbdEEILN
THEY, ZNEZRRT HTDICEFRVITENZERINT, ETRVETEIX, &Y
MO VB IREBIZEIE IS, ARV oE (v Fe—2La) Eiz8
WL, ZOBYOWEELZETREBICET Z LICL>TITEZITI>IBOTH D, &
FREVETIEIX, 1-qubitZ5F2 DIZHKIETH 5 —qubitMhE T, RIEWHEMIZER S
NTWRNWR, BFaryEa—XORBICHHEDOEARFEIRREEZ LN TNS, L
L. BAECOEAICE, HEHERTEZRNWOT, YW Re—ALskHEETHI L
MTET, ETRVFTERNEZZ2VWEVWSISHERD 7=, ZOMBEICK L Tix, v
Y Re—AZBRETIC, 20 F EHfilflqubitE LTETFZ— MIANL, R0 %
FTIETAE VIR . NMREFa LV Ea—XDIRE/UIINH LD X231 T
Wiz, ZTHETH, NMRZS7E TRV FTIEOEBRITHRE SN TV D08, FEEE
ICIFREV ZFTIEL TR LT, BV Rer— A& EHEIE L7 T, v Fr
— LR H BN OB ERERRICH £ - T\,

ZZ T, REEZ, B EZHWRWE TRV ETEINC]IOMRGEE BfE L CTHEBREZIT-
TWD, MFEETIHETIIRERD LTV ARWR, ZOERIESTIE, A
VTCHETEVFTENARTH S Z ENFEIESIL, & AV FTIEORMEIZMBqub
itOFHLOREIZE TSNS EE X TN D,

-17-



B. Z qubitft (Ao —Z v U7 1) ORE

B2 o — X OREEEE N EERR R ER 2 RO DT, qubit OB n AREWEET
b DT, FZEOWFEHEAITZL qubit LATRER AT —TE Y T4 DHLBDEZ AL T
oo LIAL. WIZEBAGRTE. 27 —F BV 7 4I1ZiE, qubit ZEZMHMITHERE L LW IO E
DEENA =TV T 1 & qubit B e & HITEPRMDELIERE L2V &0 5 FROAER
A= 0T 40 MHRORRLEHOMERETEND Z EBToT,

1) BEMAZr—F YT ¢ 1 qubit 22 WPRYICHECT 2 & AN ATRE

AU, qubit ZRIIMFE L. 2238 ATHE, 22D HAICIEHFERAIEE CHH Z L ThH D,
WL qubit ZFERT H72OIC, @EFROMBBOEAE % qubit & LTHWS Z & 241
EL TV, NMROEAIIIBE I T LA qubit 2B TE 20T, B, (b%v
7 b, HDWVIEESGARIZ L 5 T, qubit ISR 2 S E A A R oW D R IR ALY £
EZHILDH, Qubit HOEEIHEZ Z2BA Y U HOMAERE LT, WRTIEX ] Aa. EiE
TIX RS E PR TFHAEERAN S D, HAEZITW W qubit OMEERZ T 25 L T,
O BEERZT oy I+ 5H5Z LIk~ T, BEFEIEEZMHZ ENTE D,

BAE L ZRILETS TIN5 THH D, qubit ZHCT BRICIZRD 2 3R
LD,

qubit (ZHFI Y 2T 2 JEEE e L, e IR 23 b3 %

BAY CRIORERERIZZR Y | EEEFE TE 220 qubit DM Z 5
COMBEERRETHHEL LT, Lloyd2y1l 99 34FEICRELE (ABC) Mo—%
MM A IAEE (L1oyd93] 3 5, ZDET/VIX, BT 2 qubit M L2HBEAER R eI
FWIZHR 1 RITEDOR Yy hT—7THY QDO EDDOMIR E 725 T 5, Qubit OFEFITA,
B, CO3-5LaAL, FERENSHIEL TWDDT, HIBEEESITT qubit 23545
ZEIETERY, I T, qubit IEMERF-E T, FIAIXCIHERZIT 2=y N fE
ETHHIENCHNS Z & T, FHEE EOREDOABMTHEAITY 2 L 2 AIREICT 5,
ZOETMIELTIE, L1 oy dDORBELRFIZEAEREL TW ooy, FAEILR
DT ZAT > T2,
LloydETFNA~DOEFREIZEORRA 8 (NTT), LT (EEEmK) &40
OILFEFEICEY, L1l oy dOFED 2MFICEHENTELHELRE L, $o, 2=
v FOKES (ABCO3INKR/NT, —RIC3LE) L BFRIEORER L OBFREH
HIZ L7-, [KYKO5: Y. Kawano, S. Yamashita, M. Kitagawa, Phys. Rev. A, to be
published]
LloydETFTNVONMRIZEDFEEFIEDER : REREDOEIENL 1 oy dET IV E
NMR CEHRT L HEEZHZFEL, L1 oy dDRELIZTA VBRSOV AE WD LXK
D HEERR IV A—r A REZR L T-, [K. Nagashima, M. Kitagawa, am SC¥Ha )R]
LloydETNAEERIIETICE, KIKTH1 2-qubit FBEINETHDLN, H10E
RoOMEE L bz, T—2OAHT), Pk & F R T R EFEEI V<D0
T,
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2) KEMATr—7E U7 4 qubit B & & bITEFRPHELIRIE L

I TCOBRREIFHABGR CHLHHARE, WHER THLI 5 TOEHTHL, Qub
I tOBEn 2O L&, INORNTHUOIHREBEBREZEZ SN &0, REMA
=074 Thd, W, TNHOWTIOBREUER T L, RIS T 2 E
MMEDBTERT H DO T, BITRETHEAE LI~ 2o TLEY, WS BRI qubit b
STHEREK IV, o T, REMNATF—J U7 213, HEWAT—T YT 1 &
0 LT S, BIEI O SO Tl 72 X 512, #EkE b T & = bix,
REAr—F VT 4 iz SV O T, AV V& Fary Ea—% T, Y1t
BEEFRIT DLW, Ar—J8 U7 OREEREE D Z L1225,

C. WHWIHb—tEhE = IR R 2 - B RO R AR

1) BRI O B

BEFHAEOREEOREIT., TORNEROEHI TH Y | LIILVHMREBITKF
T5, BRICBIT 2B FEEREOEA Y VX, maMNMRERICHEDLNLS 1 1~
QOTHREOEMBETH, IBMENS~10 °LIEFIT/NHEL, = barbE—NRN
H~ 1T, KEGREBISEWIEFICEMERETH D, X, n-—qubitDI[AE
iR 8. 2.3@ IR T RO R 2MEADFRERAEDORE = L— 3 VR IRIEE
LWEAT, ZNHATORENDO&EFTWMIZITHEEZE L T, IR0
VEDOTWHNRR AR RoTHVDHRETH D,

FHEIY R L ClBIEEZ & 5120, PIHDRRE 2 MR IS S 5 BN
HY ., FRIZIZMODHFETRERBELZESDODLENH D, THUEL, BMICIREZ
TTFL2Z2LICE>THARETIES 2N RBELH TN ETHDLITITRELZ MK
EFCFFDLENRDHY  NMRFEER & O LA HRICRNE#EIC 72> T 5, £ 2T,
RIBICE O TICH T % O E R E S LD AREED H 5 ik L LT, X3.2.3(b)
RO = IR AR & W - B A R AR L [ITS+00] 12 EH L, BEICNMR O &
JEEAL DT DI Z OBFFRICE T L T 7z 5K 2 R B2 A 2E R oo <F B ik 22 2
BTN — TR A KEE LT, £ OFSEOFEMIL, R 7 v — 7 DOE TG S
NTWb, RO NV—713, TOMIRERD S5 Lo FEFa L Ea—2 DY
WIS F AT RE 72 BLAS & O MR AR b i 2 . AN FAZIRIZ Lo THIFBEE L, UUT
DML HEIT > T2,
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300K mK
40,0.0,0.,0,0.0,0, 40,0.0,0,0,0,0,1 B
0-0-0-0-0-0-0-€ O-0-0-0-0-0-0-0 &02%2%’
050505030202330) O-0-0-0-0-0-0-0 =0.
O-0-0-0-0-0-0-0 OO0
S e ':> 2" 00060000 Stil highly mixed
0-0-0-0-0-0-0-0 Far from initialized
ORORORO-DOXOO O-0-0-0-0-0-0-0
- OO0 L 00000000  unless ng<<l
« bits entropy H

(a)

(c)

Enepgy levels of pentacene eIectro.n spin nuclea‘r spin
CO000 1? !
exnited K \
angkt sfote Fat 12%
T rE.:;m stotey f ,‘::::::: 76% X:band /"’ .
‘ =T microwave
600rm
lasér S e i
| / —&__12% mK 300K

gmmd stote

=== losar excifation
—P rocdictive procass

(b)

—3 non-radative process

43.2.3 JE=EIREEZ AW B R RRIEIC X 2 W E B0k

2) Jer UV AIERIC K D ZE IR O Rk

WFZEB ARl R (1 9 9 9R) 1IZid, BB RV ZME (~p s ) ZFROIEIEN

BEICHE G & LTUIZAFARAREL oo T2, ZL LD b3 o E BV L RIE
(~ns) ONFPFE (Nd : YAGL—FO3EHETHE LN AT A MY v 7 5iE
) ERWE b aHehotc, DD, K3.2.4@IICTRTEORNELET LA
T A N K o THEYPINT SV AR ZFEH LT (K3, 2.4 (b)) hiE%h=: % s+ 2 i
TeHATU . KREFPEA O (LA % 23 pentacene & 0.05 mol% R — 7" L 7= p-terphenyl Hijf

DErSGE SRME (X3.2.4(c)) Z#HIE LI-FERNG,

LN ORER 2 H5 72,

O BEXORTRXLF—PRICTH, KEET 4 LA T THASNVRZZEIL
TEIN R ANV AR EZ RS LR, ZHEREB~ORENRITIE 2D,

Q@ #HEEOY T IWVELIZONWTORRNL, —HIEUKREBIZHE IS 500G
. R ANV ARNRRWIEERES SR D,

[TYKKO5: K. Takeda, T. Yamamura, A. Kagawa, M. Kitagawa, J. Magn. Reson.

(to be published)]
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1 pulse f 1 pulse
2 pulse
5.19m M 2 pulse

H 4 pulse
OPO o SJ—nnannnann 4 pulse
Y

i % _/vvvuvuvéfu_ls_e epulse
250m e . . .
0 50 100 0 100 200
ns us
(a) Optical multiple delay line (b) Optical pulses  (c) Zero-field ESR signals

X324 WEETALATALEHV-ZEBRERDENROLE

3) WErIL & BT EREOMES

WFZEBRAE S 9. BEIC ERE D H D RENMR TOBFHEORGMEEZIENT 2D

2 WIS FOAE VRSB Z R L TV, fio L 9108+ % 0 S mE 4 %

WCEBT D RIABLDBNLIZ N> DO T URBEHEZ EH 5 HEIKTITH) 2 &I

F#tEAEE Lo, BERTIE, BAE OB FHAEERNXEN /25D T, £

NxEHWE&FHEORZIT - 1,

O ~vv7falhlls (MAS) ICX2EBBEELEROI I v 7V 72X %52-qubi
A (EB) - KZERk4AE SHEHE

@ 77Uy F7uay NI =T AL AHHEEEE B - RFERAE R

@ EEEEH T —T7 72— Ko =7 O K¥ERAE Uh, B2

SHIC, MENIELE B TEEZMAE T 5121%, BEFHEBICHWD S 1% Rigd

HVEND D, (URWBEEEENIE S L — T OFEE S HR)

B, Wb REEE EICh 0 ENmHE & & EEOREG O LB

SBORKEBEEREOONESDTH D,

D. FEAIIIL—F — & EMEC X 2 903ME

MEIIEEIZ L > THEROBPEHERELV L X520k brE—D A
EUNELNTYH, FEMBERENSITIZEE®ELS ., BEFHEOMHREL L CIER
+oThb, FIiE, REES =0.7TIEL., | 0 >DMFEITp =0.85, | 1 >0k
Flxq=0.15, = b E—[FTH=0.6TH D2, n=8 qubit®/yF+TiL | 1 >Dq
ubitA B L CTn q =1.2EFET HZ LI D, £DO7=H, XK3.2.3(c)ITRT &
I, | 1 >DqubitREZITHDEINTE - T, 8OO EAR L WHIIREE D 4y F )3 2%
HRT (IZIFERKT D) FETDH, BRTEKXS 2.3@DLHIIT2"=2 HDIR
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EBNIZEEMETHST BB DL L BERRECEITIZT D IR ho
TWa, L2rL, ZORENPGETHEZITSoTH, 8ODORZIFHAEMENIRS
DE-ST, BRE/DIENTERY, T2 T, 20X ) RIBAIRE)N D MR E
DOETHEICHIST AR EZEDLI O, SO0 RNnIELE 25,

1) EoEAEEWIHEIE &5 R

T REOE N - E Lo T, R THEDLIL TV DD & FEIREDHERA]
WbERAWD &, RIEVIHEENY Y —2&2flioTLEH Z LT/ b, MALRED K
X, 2"EBREHLZDOT, FOFDO 1 ODOREDSF1OLOEBSTE T 2T 5
EL Wb HEEERSY L, B2 "KL TSR A4
I DI F OB ERA L Z 2 "N HA L THEHSTHXERH I NLTH D,
toT, K3.2.5(@ DL, BAEAELLOEFEMMT 2 HEIX, EO& T
BITHE DD,

—J7, REOHIZFELC 2" MEATH, K3.2.5() DX HIC, TNDHDOES RN
WORBIZHNIE, TOMORTETEETHEICHWS Z & T, figREICx R
HIEREB/DLZENTEDL, ZOHA, BEETCONFRFECHERELZHTOT, U
V= ZADREIERITE Z 5, T T, X3.2.50) 0 X D REa e kit &
DEINTTIEXEBTHDOTHA S D,

10-0-0-0-0-0-0-0]sub-ensemble
0707070707071 70)

O-0-0-0-060-0-0
2nH< O‘O‘O‘O‘O‘O‘O‘O 2nH<
0,0,0,1.0,0.0.0,
0,0,7,0,0,0.0,0
O-06-0-0-0-0-0-0
v ©-0-0-0-0-0-0-0

n qubits nH qubits n(1-H) qubits
(a) (b)

3.2.5 K= bo b —REOMHL : (a) HALKE & EHOES HLUHIE
R L (b)) JEMGIREE & #R AL R

FLET, WoREELUY O —F TH 2B 7 ~ELGCIT] & | fEE DRI
—ib T HomfE T, MAMREAZFE S 2SRV R L LT 9 @Bl 7 ~Liko
HkL & LT, WAMRENMESIREL 0D Lo Mk FikZ & B L7z, [X3.2.5
(a) D & 5 7 ANREN LB OFEF 2 M3 720121, [K3.2.5(0) D X 5 2IRAEIZE
TRV, ZOLHIIT — X EMEICMe 59, #EAICSchulman & Vazirani
N1 99 8FITHRE LT — X EMIZ L 2L ISVI9] D FFFE AT /e - 7=, [KKNO
2: M. Kitagawa, A. Kataoka, T. Nishimura, QCMC’ 02 CX%]

EIAON S OMBUET LT Y XA [SVI9] B HUE R HIC L o TREMICRRGE L7z

-22-



FER. O OEREITERZYBEEN T — 2 EMEEBRATHL v/ VIR (BT
X7+ A~ RRR) IS LW 3o 7=, [SKO5: A, SaiToh, M. Ki
tagawa, Phys. Rev. AIZRFE] T, gk 0T —H[EfHE 7L 3 X
LANEERMIET —~ L LTHERINT,

2) WSRME D= DT — X [ERET T Y X LITRD HALDH SR

ML DT D DT —FZEHET VTV AL E, LTFTOERGZMET AL ERD D,
=Y —ThhHZ L
HRERAICHIRTHL L HEENAn OZEKXUT

ML SN TAEEER AN L LW Z & 0 2D (in—place) EHE
BEWMERICHRTHDL L vy 2y (T 7 A4~y) BRBARICHE
R 7R BT RIREERFE R AR CTH D Z &

D9 H, [SVI9]iE, @O AR LT\, Ok, AV VR ENETE R
WZENDLDEFTHLN, MEDOT — X EMIZHEANIZn-qubitDFHE KM O
BT, Oz LN EET L2 LMy, Ok, bty
V—RAEFEDRNWEOTHY, BOETHEOMLESRETHS, B, X3.2.5
()5 (b)) D&M Z 2 " MEOREZBERIZ~ v 7T 2 BEEBE R FIEICL > TE
HBIrZEb TR, ZREF2""OZHEABEOHAERE LR, EHTIER
W, @i, b D=0 T AU XA O T, BEICHIHHE SN EEEE N B D
CEEAHRICIEITERNENI L THD, QL DOEKRTHRNRT — X [EHET
AU XAFRILFET 20, WIS EESg A L & L, @ % i
&R0, TOEKRT, 2O DOERMGEOHR TONKRER ORBEHEKE VW) Z L1272
5o

SECETECHG

3) WSRMEDOEBR)TEL A R L —v 3 v

5y RATEMEIT, HER DL EUAEIEL E REWIZE R D720, TR T
FUARNL—Vva VEREITo T, ZOEBRIX, LT LT Y X L0 RKEE) 724
AN > T E 0 RAHME O & & BT 2 - DI EIREWNMR % fl v TR
A DM ERIToT2 b D ThH Y | AR S 7R BB TIE 722 <
R PRI Lo THE SN EBEN 220 THY LT LT Y X A0 D%
f:Z i 72 LT, X3, 2. 6 (a) D4-qubitsy % W T, (b) DEFFEIEIC X - T,
WIHRETHD | 1 >% 195G AF 45D REORS ()b, (d)D ko A2
—qubitAy | 0 O > Wb s b Z & Zx L7z, [KKNO2] ZOEFEIEKIE, 4 5D
WA MBI~y 7T DBEEBEZRFET, Q% LTV b REOHHIL
IZIFE X 20 AR A N E LT T O L TR, RICEERBR~L D
RINDIRBEE T2 o Tz,
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> (Ohaustive sveraging)  OOOO
’ e |0100> |0010> @@@@

D06
0000

R i T e—

M\

(a) 2,3,4,5-Tetorafluorobenzoic ) nlellnl:.. Aoy
18680 -18690 -1g8700 -18710 -18720 -18730 Hz

2z (c) input
e Compressed
gubit:Fe o= | 1000> 1 ) = =
’ 1 1
> 0000
abit:Fh—&o—&—&& |o010> H

Ln72 | & = .
[0001> |0000> s I®:

aubit:F: & le 4fa .
. A JL :@:
qubit:Fs & & 2 I
Q@D
(b) Data Compression Quantum - - - u,j}!s,w,@i

Circuit (Brute force mapping) (d) output Initialized

X[3.2.6 T —&EMIZ K DHE D RV D T 1| 72 3285k

4) VEZEfEI O R BE O fR R

T—HEMET N T RLOE¥(ERZES T2 ENREEREL 2D | HEROF
BT — X DI _RBEZNAET, BHEORE LA T THAETE 252 LT/ 5N
HELIIHLATHREZIT> 7o, YRFM LI TV fRFEM72Cleve £ DiVincenzo® &
T = EMT T Y XALCDI6NE, mE T EH X EFHFFICE STV, n
+1logn (BHATRETOTHHLTLn*+10gn) OMP{LSTME
¥ EMELE L TBY, ZREHINT A2 Z EITEFICHEE Bbh/, LaL,
KZEBRAEDRHBEN, B+ 77—V xZ#H (QFT) ZHW=& FINERE [Draper
0] ZFHTHZ LITL-T, ML INTEEERDO S L, MAOH LT D7
DOn qubitZHHTE D Z LICR DX, MROmELH W, | 1 >08%%x5
TODOEEHEETHIED 1 0o gn qubitid, TDFHEEK., I 42bbnOZEDOF
T, AEJIALIATRE L2 HiE[Kit99]2>, 1 o gn/ (1 —H) qubitZ Tlf/E
T D EIcLoT, MRTEXDZ a2 LB U, TRERE %2 SR E
B2 FETITo G AEOMEEIZO (n W O ) (cix1~2BEOEH) &
72, = b E—HRRBEHNREWESIZIE, Z2EHA Vo THEKRERD K
JEREDO R R EEZ ERloTCLE I AEMENRH D, LrL, 0L OZEAREMOZ D
GHEMT VT ALIZTETCLERT., ZN2 PHEMICHBHIRICEHT 5 2
EWCE T, PREMOHEEIILT 1 0o g nDZHAENXITINE Y | KEMHOFHEE
WCHARTEMEA T 2NN L, Zhh 3 DDOREE,
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O® QFTZEZHAWIM BT vy NARED &7 INE R OF]H

@ TFlEMIZCEZ D1 o g n qubitdDFIHA4L

® FNRWEHE T L =Y X DO T E M~ 0 B IF ) 1

2k, [CDBIDETT—XIEMT LT XANLFHEEO (nt) OWHLT L
T XLEEKRTHZENTE, [KKN02] ODOQF TIZO (n?) OFENHH
L, HEENICDIEINDO (n?) 7760 (n?) ~EHWMITBY., TOEHSIC
SOLRDIEBORIMMNE ST,

5) QF TE#HWHr EF vy MAREO &N EEE 0O EERAIRRAE

OOEFMET L TY X LT, ERAISKRIETH > 72D T, REREDEASE
23[X3.2.7(a) D3-qubitsy & AW T (b) DEF I CEBROMIEZITo72, | 1>
E | 3>OERADEREC@ICHLTCIEZMAL, | 2>¢ | 4>0ERADLYE
WEEDBEOND Z 2R Lz, REEICLT, MAEBIWEE, ZOH A7 —F

S

IRFAT, B ORPHI IR EDT A N L —Y g U EFTo T, L SCERS e ]

v R e R S
LA LEAL) |f T i‘
© | |
001> 011>
“ﬁm 010>
| |I-
| |
/ | — '
I -6100 —6140 ‘ -6180 —Gézol —6£60 ‘ I—G;OO —-6340 I ;'IZI

1 0 b
&5=|, exp(iiZ??:Qk)] bj
QFT b, Inverse QFT
| ag-{HHz)—3) -G ‘|(G+b)3>
‘Ge E—@ ( 2} |(G+b)e>
iy
|

@
laz (o] lla+b]a

(b)
X3.2.7 B 77—V B EHOIM B ARE R B INE O ER

6) BT —HEMT VI XADE 5725303k

A MO OEEDLTICEMT NIV RALAZOLOEKRETHZ LICLo T,
n bty oK EFEEFEEE REIZL, SHICHEEHLO (n?) Lv/hs<T%
Zric, TEERII LI, BRLETAITY X AT, HEE L EEEEORN.
INETIZHMONTWIETT —HEMOP TR/ L2578 FEFITENLTED .
AR OREERKRO—2>TH L0, AT —FEMiE L THHBMERH
. FEFHBEFERE RO, FMITARTERVWOTHET SH, M. Kitagawa,
A. Kataoka, M. Ogawa, IEEE Trans. Information Theory, i 3 #%E T ]
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E. £&9

FLEOHFICL > THONTEEAY VESFa L V¥ a— X ICT D EARN M A
ERBICELODHE LTFTO LR D,

1) fERONMR &{-FHRERIL, E7FHRE TIER,

O —REPLZLIICRZDERMERIT, EBREESCS TOHRENI U Y —20D
BHEBER LTz T3,

@ PR EDORA DD, R NE S BN EHEITER S TRy,

@ 2= Y —FTHEMPERLEEBVICEITENTWVWDE I EEMRLZICTER
VY,

2) NMRIZCEDEOBEFHFEIZAETH D,

O PHPREOME S 2RI IUER Y,

@ WHEONBEICE>T, = brbE—%2 FF 5,

@ MR RZDOET —ZEMICL > T, #H% &2 @moREIcmEii+ s,

3) FHEERRAIC b HRELERAYIC bR RA LT LV T Y XA ET D,

(2) HERROSEHF SN IR
A. NMREFFRIIG 5 HRHf

2~ 3-qubitD/NERSFDOWIENMR 2 HAW 7= FEER L, IEFICHER7-H, 19
9 8FEEMLEL DI N—TNBAL T, SEIEREREIT 72, BEIZILH
fELTWs, ZHicix, LFTOHEBERBZEX LD,
O 3-qubitfRETTEAZ LITFLEAERY DX ENTLE-ZZ L
©@ 5-qubitbh B, DT DOBERCSIN AL —F U AR EZFENRDICH LW &
® 7-qubitd®dShordTiNa) XL L DHERBMIVSBH01]11Z K 5 1R
@ NMREROEFMHICKT 2 EER 2 RN ELANC /2D | & TEHREOER L
LCiHlicsnz<7eoloZ &
Brlz, @IZB L ik, BRI ESRERONE NS Z LV, 27ZNMR
THIBKAZE W) AN EHRIZIEN > T-0% w72 —a X M En
5L U7, LML, FREOHIZEICL > T, WERONMREFHEFEBRO & Z 2R
BENBHY . E ) THIEENNRIRATRE N & W 9 BRB R L TN ST o720
T, @QOBFRITEHRELLLEDY, NMREFHEANHIIMIN S Z ERNHE SR
%o
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B. BAT U7 VEFEE

FLEOIEICL > T KD Fr B —DRARELZZ O TT — # JEHME L Ty
FREMNYET 2R 2T VT ZARRONST-DO T, BAEIZRL T, —#%
CHERERARERIREAGT v IV EHCTCHLEORTFHEANARETHD Z &
DM, 2RI, BEFarvPa—&Fbvruftfof 27—t
LT, NMR ERIBRIZZEOEFa L Ea— X2 WHIZEESE T, 207 %
TNAFUDRZNE WO BBERR D SLOZ E 2 BT D, HxDEfFa L Ba—X
Ev 7 attREDHEAEEZBIZTE 2D T, 72t — L2 A% KR TX 2% A6
PERD D,

RARENGHERERWICHEORWT — X [EHMEIZ L o TH RO AT
S TE . L S0 R ITMERIR BB IZ ST < | JEME S 72 1T e IR A R HE
2 72, BEOEFHET VI Y XL, MPREZAHZRICLTWDH DT, #)
b S N72E o L' FEHREICEZ T B S8 3B ThidhiEdzsrn e
Zz b T&7=, L L, Parker&Plenioll k> T, Shor ®RERESMHT LI
VDALEOND2ODEFLVIAZOI L B 7 — U BB IR0\ O Y
WEEIL, M KIBEARETHLNEDRW I &R EN[PPO0], EME ST DAL
SHOBEBNRE» N, RZEOBR LB TT —XEMT LI Y X AL, RERED
FFOMUE SR A ML B L T BRI EE R HIECTHR T DA L e
TLENTEDL, ZOHHEOHREERESEDLZLIZE-T, BFHEO LS
FOREORGUENTFINDGON, Fo, BEFiRE MR L OERITILEZITH
LO0E VST BTEHREOEARMELZMAT 2 FHINELNDLIDOTIHRNNE
WHFEL WD,

C. BT IEWER

B EROBATH DHqubitid, b F b EFEWRIEM (Schumacher/E/4E) 7206
AENTMETHDL, L, EFEHREMCOVTIZ, W< D207 T Y XA
MDIBEINTWVLET T, IREORLESIZEDRV, FAEIL, ALYV ET =2
YE 2 —ZOPHI L VSRR EOM A EZEL T, KT A ENT
ol ETIERIEMT VI Y ZALEMET D Lo Tz, FIHMLIZHE S 72128
RENDFRUEDIEFITH Lo Tl BRI, FFFRICREWT VT Y XL EBR
THZENTE, ZOT AT Y AL, FHEEEEEHEBROBED 2N E TICHDL
NTWLIENTHY, ZORTICHEHBERERNTELZLEEZEL TS, FHEEICON
T, EXEHEBEBOREERDH Y, /N ZHEL TSRO LR TS TETH D,

BT RO CTHHENICEZONLTWVWEZEL DT a ha L)y, & FHIERIEMZ
FHLTEBY, REOEBEZR LIza "y "7 3 ) AL F, AV EfarE
2 —Z OPHYLLISMC S . < OB FIERAEIZICHOATREMER B F S D,

Flo, RREOEM T TV XA, THAIICHHHEER SV | BT HERUSNS O
FICHLIHAARETHDZ D, BFHETYETH D,
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3—3 RBRRAEVREBEBRHEIIL—T

[ZLC &Iz

EiREE I (NMR) (12i1E, BA B ORBIA/NSWIZOIEZRHMIITH D &0 ) 558
WD, ZIVETIZ, NMRE B2 REEAIICH R S 25 72O —HEEREOE A &
A & BAOR AR (Dynamic Nuclear Polarization: DNP) (2 L W A B BB SH 5
AADBRINTWDHN, ZOWIEIEFEMO TRONTRICL2EH I TW oz, Fix
I, BRx WE TEAY yOERmE FEHRT 5 Z & TYELY, by, AT, BETIERE
FIRELZG IO 5 0 T REOHERART 2 HME LT, bk =HEE A
Y& M2 DNP ICBHE T 502 T> C& 7o, Fxld, ZORMNZZERT D720

ATREZRIR Y EWE A B R Z O S,
A OIRBHE KT % BL5 2 & BRI HFET 5,

LWV ) AEEET T, A, ~F. OfffEICkATE 7,

7a bR E L KT 7RO R

. EHARFREFOEREAE T 1 b AV DR

AR E L RT w7 A T = X B OfiREA

. BARBEEBHZIB T DA Rk

. RFE 13 (PC) B~DIRREE)

. o & = EEREE~ O SR BT 2 BER OREEL & EERAUMRGE

mm oo w e

(1) ARARBERURE

A. 7o N ARRE N BT v FNRO K
i -,

Henstra 512 - CRIF & 7= n
72 DNP @ F% (Henstra et al., Chem.
Phys. Lett. 165 (1990) 6) #HW\T~7
0 kDAY R E RS D ER A
1572012, Fxix DNP fi7u—7%
B L7z, ZHUC k., HfSEsERE O/
MR, L—Y—b—LalS, ~f 7
WIRET. BESHRE1 3 X O NMR B A ] 104 sec
Loty B LET0—T%, X 3-3-1. Xy HkvrE N—T LT 7H L OHfE
B DR (A 7 o Fe e b fmAEHI BT D, 7'a b ARIRD BV K7 7k

2,
BIEEMA, 77 vy a7 A

Polarization

S

(-0l X ) J012€) JUSWSdURYU]
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FL—H—BLXOHED NMR 75 K5t) EMAEGDOETERV AT AEMHE LT,

TOVATLAEAHALTHLAIL, X ZrE R—7 LT 7% L OB REE
VT DNP 247\ B 105K, 645 0.8T O FT7'r b A Uiz 0.7 (ICETE/LRT
v 7T HT LTI LTz, 0.7 &) BlERMRIL, BVEEIREO 7 e R A B UARMROK 20
FEICHYS 5, FImEalmi 0.7 13, X0 X ONEE = HIAE A B2 b D RikIc
—HT L5720, ZOFEIZ K o THEBEMICER TR EED T 1 b A RIS 5L
=2 lic b, 2 ZCURETO®EH (0.32 (Iinuma et al., Phys. Rev. Lett. 84 (2000) 171))
I b@EWTa bR E R CTE O, XX B URE, v A 7 s, oA
. A —T WM, B AA — g, L— P —iRER E L HDHERNT A —F Bk
IZEZTTm bARBO BV KT TR EFARD 2 & TR /T A —F DA DY
YRV YL T2 LIk D,

B. BEHAFEEITOREAE T 1 b A E Ok

Jehl = EIEE A A B2 &2 V72 DNP OISHO ATHEME 2 I 572012, Fx TS840 5%
TEEA B AR a2 BRI R S 2ol 7o, 99.21%FHE KB LT 7 & LT~
VAR E R—7 L BERREE FHVTL 0.79%DEIE TEE L T\ A HER 7 a b A
EURICBWTE (A, e RBENL RT v 78RO E#EL) L RO 1 b Rk
BV RT y TEREITo T, FOREREE T 0 OfFieg ., [FERICERER TH 5 0.7 12
FETHRISEDZ LITRYI L,

MR7Tm F A RIT, Ta b CoHORBRFAHAEERIC L DRERTHN OIS, B
BICHET 570 bRV VR T B o ZHREOIR 2 B 2R, flZd~ LT
TNV 2 EE VR L T &4 ke
NMR HIENAHETH Y, £7= NMR #
E DT MO EEBERNA SO D
Blbd D, 7272 LIEKIT, A B 03T
THOINPZITIREETH D &0 H R
BRH T, ZOWNETRENTZL DI,
T h A FR O R A 7 8
ICHIRESED Z ENTENIE, BRRED
RIEIIR CE 5 Z LT D,

Flo. 2 TTo AR T h A
3-3-2. XA EUE R—T L7 99.21%EKFEL B DRt e/ 7y 7Ol &, 75
FTH L ORERREIC BT S BT e ol DY BEEICHET LR TOENLRT
DENRT 7RI Re v TORETF LT 5 2 LT, Fxlid s

2~ RS KT 2 MBEOERICH
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ERE A DT — 2 _X— 2 ERK
95 2 & E SR BRI ERE D H

HInPh b JiE A OWFSE & BRtG LTz,
Tomaselli &%, undoped InP}-i 3-4-24 InP OfEiLtEE, OIZ P, @I In i1 %/R"7,

{Zlga:ﬁ [_/31P CP /MAS NMR X‘/\O le 2Jli%ﬂ%ﬂﬂ%ﬁ%\ Ykﬁ%lsﬁﬁ ﬁ:1§)j<
7 Mk | B R 118115 -31P A Ve EHE =T,

M OFETHIFBRZ A E - AV
BEWRE L, £z, PoTel-ERICK T AMBEEZA Y UAEHEA L, S EECM
PR A © URE IG5 D IR BAE A O KL 72 TE X8R O AR O FEER 24K
GFTH2EEHEL WD, LL, 2OZEFERICEVENID LN TN RN, £
Z T, AMFETIHInPYE R 2R S L, 31P CP /MAS NMRIEDBA%S LY, BRI
DFFERA Y - AV AEE DX ¥ U VIREKFMZ231P CP /MAS NMRA X727 kuviZ
L0~

IIT-V & - AR InP O 5 A & 1
X3-4-24\Z 7~ & 912, PJHRERFL Y undoped InP Fe-doped InP
Thbd, ZI T, 2T,
WA A8 < REERUEE A B ik (a)
BEREER L THBL, AWFFET
W72 EHIundoped (n=4.6 X : 5""(')""_5 5""(')""_5
1015 cm'S’p: 3.7 X 101 Qcm) & v/kHz v/kHz
UFe-doped (2=17.1 X 107 cm?3,
p=32 X 107"Qcm) ®InP TH (b)
%, X3-4-25(a) (Zundoped M O} S ——
Fe-doped InP#RK#EHZ BT 5 3210123 3210 -1-2-3

M — kH. kH:

UPMAS NMR A7 MLEFT. Z ZIHE&Fd%U;%W*ﬁH
%3-4-25 . Ky eatn

115In (S=9/2, Na=95.8%) nD undoped In e-doped In %

3P (= 1/2, Na= 100 %) ~DCP ?202.435-MHz 3P CP/MAS NMR %7 kL (MAS#

S H. BT H 7Y oo FEi3w =10kHz) . (a)@%ﬁ’ﬁli\‘115Inﬁ3lPA?>CP&:ij

15775 TU s, NMRAAZ L THRbLNEARY ‘M/ BRFTH TV TR L) ER

< Tecmag A-BIAPOLLO 455 T @ DHERRIZ, ?7]7;17 S It@%%i%j—o\ undop\ed InP

Varian Chemagnetics 4 mm MAS T 2 N ) ) B

L A X o B\ﬂf:xm‘ﬁ T\‘/I/ (R s 115In k% % 11 (115In) = 40
kHz CewT B v 7V 7 %4TH) &RT,

U1/2=3. 19 kHz 01/2=3 .20 kHz
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W HT w (G1P) = 202.435 MHz, w (115In) = 109.683 MHz T& v, MAS #HEiiwn =10
kHz ThHo7c, 55070 ART MUVITIEIR TR 72 < | undoped % (FFe-doped InP
3 LZE NI 28 v2238.19 £ 0.3 & 18.20 = 0.3kHz OF T TT 4
VT4 T TE, AT MO wvpDEITMAS HE k= 18 kHzE TIZIFF UETH
0. AT RLA~OEFEZRE(IP-31P) & OVEARZ ) (115In-31P, 118In-31P) oD [EL# K OVH]
A - A UAEAS ORFTIESIIMAS X VHESATWE EEZ LN D,
BIP-31P [ IfE A&7 L H2OFHATEY . £7218In (S=9/2, Ma=4.2 %) 134T
oIz, MR Y - A UGS OZEETRITIZ DN TIP-31P L ONMBIN-831P )60
FHEHFEIN-S3IP L0 FE LD /SN EEZBND, 2 IRE— AL MAk) 73, 31P
EEGILHED4DDIn L O OE TR A L - AV URERICE D ERET S Z &
XV, FEEEE P I 'P)| 1Zundoped & UFe-dopedInPiZ >\ T #4240
+ 20 MUr242 + 20HzE AL b,

[X13-4-25()12113In — 31POCPZ iV 7231P MAS NMR A7 kL% R4, 0 fE
iZw (18In) = 109.433 MHz Th-o72, ZDOEAITEB VT b E M ORI A 1E
FORFPEEAITIMASIC L 0 iEESHTWA, BT, In-31P R E/ER O
ST I ZBLIIF O 15In T A v Y NS X DB BRI TV D, Gt TERFED
10 KOE—27 (331P & Hi#ED18In OO FM#E A E -2 B VA IZRIE T
x| KA EH'J(P I, P)| (Tundoped } *Fedoped InP {22\ TZEN 223 * 4
K225 £ 4Hz ERBEL Nz, FROE—7 NS RERTERE L OFE2 THED
12 HO3IP A L DEFHMFEAL UHERICL D EEZBN5,10 KO — 7
%, 18In DR RENE9IL IZXHET MU E—7 6212 ORMOE— 7|2
AT CTIRA IS I ole, 2T, LU EWAE REEZ Elifetime NEWZH EE
bbb,

I P fEIX[X3-4-25(b) TREBEAIICE SO 5 AN X 3-4-24(a) TRIBEH
IZBONTEL Y bIEETH D LB DD, BEENICH DL fEiTundoped K
Fe-doped InP (Z5%f L THEBREAEHIAN TH—Th 5, - T/ In,'P)| 1,
undoped & "Fe-doped InP D i 512>\ T224 + 5Hz & BfEd Hiv, 107-10% cm 3
DO TIEF v U YIRERFEDR 2N 0otz

(2) BIRRERDSERYFINIMR

ften NMR &= 1O EZBRIIFIEIL, YT V—T DA R"—=Tho LN (A% 7
+—FR, Bl: BILR) DIUA (RZ 74— RNRK) &I To72 CeP D% W
% ek 7t (Appl. Phys. A 68 (1999) 1, LLIFYY L5tik) AEFEE 2> T\ 5,
BT N—T OWRIL, ZOREIZHT HMEANDIEE o T2, Bxld, B —T DR
A, + i 2R LA A B RN OB A T, JRER & B WIL BRI AR T E AR A 0 D
FL.< 454 (Appl. Phys. A 70 (2000) 359) L7, HAfE, CeP d X 9 7p@Eahs - @K E
HAE LB R 2 HERF L T D & AT Y 7 —T UM Y T —T DRT
Y ADES O KRE BB LT,

AR A BT EM T35 A T B. E. Kane I X % Si: PRIEF L OBIFE A A
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Thbd, —FH., FEEOLGE, HHONLZE Y MEENTWH EWH IR H Y, Kane
TEZE D alternative L 72 V15D, ZOFEIT, ADITN—T L AH T 4 — FKFED
IWAR T N —TLPIATIT E A EBZETEIN TR, BT L —T7TlE, fEmEFHEED
WEFTDIRVIRI T, FTHEEZLOETAZETIREL, TOEBMEICO W THREZ
ITHOZENHEETHDHEEZEXT, T2 CLEEO LS RMEERZ T, YY &I
ICERR DB LNET VEBERRE L, BEtE1Tolc, ZNOHBHRRICEL TiE2
HoRFrHRE (2002 42) %17V, Phys. Rev. A 67 (2003) 022312 (2383 L 7= 301,
KT SE i SORE 258 (& 715 8BE V. J. Quant. Info. Vol. 3, Issue 3 (March
2003) & 7/ 7 7 B8 V. J. Nanoscale Sci. & Tech. Vol. 7, Issue 11 (March 17, 2003))
IZIRBE SN,

NMR E3HEEOZ ey MulizBW ik, [0k MBEOTEIRARANIZEE T
H5H, ZOMBEIZH L TL, PFERICBWTEAY COBREmE 7= 63 iR e
THEAN) \Z X DFEBLA B L, RS, HANBAR & U Tmai & s e LT, Rt
RET7 7 AN—ZEHT 2 HREWD TEA L, REHEZRE L@l L — Yo%,
o, wA, I (FEMERL) ., KR - 38E3S T ~E867 5 HIEOBRRICRE LT
ZLThD (JIAP 1, 42 (2003) 2864), FHERIZHIT HZAE L OIHHLE B BB
HEATHOTNDHDIE, MARIC LT A EAX T — RRKROITN—TEFThH D, Fx
X InP TOHEBRTEOREEEIFT S Z LIk (Phys. Rev. B 69 (2004) 075215,
BERYEE 39 2004. 8 A p.11. (iF#) . BRI 11 5 (2002) : News 77 v =
M) L,

FERNMRE FRHEM O TFEAH L) FEBIZE, EARNMRED SEELN AR TR TH
D, D=0 E LT, R R EEY TONMREIEHIN 2% (J. Mag. Res. 156
(2002) 318, M sCiE, BEKILEOMHER & 5 B FIFES. Mag. Res. 552002457 H 5 O FHK
Zffiolo, ZOMBEIEEREMS) L,

fhimma VT BETHEEIC OV TL, ZNETELDETABREINTE TN D,
SBRIZIND DRk & 72T et LT, FEBR, MR E 2 IO EBMEZ R L, WikE
ToTCWK ZERNEETH D, Hilfll ) v M7 — FNEBUCKEREA MM AEER L L
Tix, MR FEAEER (B, TS (8. 2A— vk (W8 ZRENEERINT
WD, ZENENOERT - HTE WD 52BN S 5, PG HAEERCEL X, 7
Ty TV T OFERBP RO EERABER TH DL, JEAGETHWLEAIZIE. W1
bt GeR v ZHiN) 23 L T Db EW 8RN EETH LD T, ALY U/
DOIFEEEFTMMEL, T—H_X=2LTDHZENEETH D, A—NFkREZOMmORM
PR EAEH OBEIZIEL, EHIE & 72 D mii B BRSO O (R R 3 g 2 42 5

PIHULIZBI LTk, TR B 7 HT) NEZETHD Z ERENTZDOT, ZOE
PERELICE Y $HA T MERH D, FriC, ETH D, [FEiR TOMMMLEDR ) T
{EIZ 3D D RE D5 | TEAIE D 245 L) (2 DOV TERBITELY fHA, W1 EE
ZHENT U720,
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3—5 H(EFaLELI—FWESIL—T

(1) ARABTRUVHEE

FrHWcEF a2 Ea— 2 KEFIHAENMREFa S Ea—F LR L
T.H 0BTy hOREZBHAEL WHIFEELES, K70 Y7 &t
THCHE>T, TxFZ THTFEHMBATFRETFEZHND HIE ITLY, 3&T
By hORALAF2va o7 3y XAZHEHL Tz, L, B—F1%2FH
THRD &7 Ey MUEHSSTITIIRE A BRI RIS T e bk
WEWIREN B o T,

ZIT. ATyl TR, BEFBRVITEREOH -FHLOMRHDAREN 2 &
FT7NTY ALAOEBENRRGERERZ B L. MELFE T2 LZETFHED
FEE, 2HTFEZOHEEZE LMV DL IICIEETLHIZEEZHMNE L,

ZDRER ., WOERIRR R A&,

. BERFEBR T EROCEREAT— N, BLUOETLONAWT 4 VX OFRIRE,
L BRB LR RS — N E, BRI X0 BTSRRI,

2 ETIRRER b DAV DORGEFIEERE. T ORAEERIKD),

. BT LAR—T — 3 9 D EEE A B R AT,

U_OO:JCD

ELSIZAZRLITBDOERIL, 4%, 20720 T, L2 W EFEIKO
FEHUCRELSBERAS R e o72, £, CICBEHLTYH, ¥l THEEOE RO b NG
WEFONFHIREEL L TOMEZHR L OOKRIELT-¥IDTOWEe->7-, LT, 1
ZHOEBIZOW TSR E 1T,

A, BBRERTEROEHE » b5 — b BEORTLORANT (L4 OFHHRE

wmEEy hELTUL, TFoREBLITE—RFREHWD, 2NBHIZX LT, 1€
v b DA — MIBEFEORFHE T EZHOTRSICER S, L, H#H/ v
M= FOEBIINELZX OGN TEIZ, F—DDRETSH 5 —DDNFDOIREE
T 2 21X, ERRIEFBREHEZLELTLHEZ2 0N THD, 1998
FIZVTA LI, NMEOETFE Y FERT2720I2MHoE—FEHETHZ LT
BT — FOREEEZERE L BB LTFRFEHWEEFEHEOEREIT 72,
LML, ZOFETEHEFE Y FOKITH L TRHEE T HE— FORBIEHAICH
RKLTLFEW, KBRS FRREITEAH 2N E WO BER D - 7=,
ZDXHRBOF T, Knill, Laflame, Milbur (KLM) bk, BENXFHE
TEH TR, BEXOART LI T HREBRE TR RN E BT3RO T
AT T ERE L,
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WooTATT Photon 1 in Photon 2 in
Dx—HKA v X \
292005, T, B
— LA TSY K —
(EFEH) 72 & D
Bt FFEA . o
TP, 2 H TR T
ok 2% & LA B
bdsbZ T, Tk
FICEES 2 IE
MIEAMHEY 7 7 .
— h | DREEFFET Photon 1 out Photon 2 out
HAHZ L EBHL M, X 3-5-1 &/~ b — N OBIENRFER 2L DA
L7z, £, 7 — MEMEORE), RS E 1 Z B s FITRB L, 77— FEER
B LS AEE T aBF T VAR—T =Y a v 20V THE~EZTET X2 R
L7zZtThD, ZNIZEY, &7 — b TORDHERIZIERIZ 1IZTH I EHH
RBICe o7, KLMOFEITREIIIBEAFEIN CEBRATETH S, LrL, KL
MO FETIEE—OHIE , » 77— Mok L TH, B TR T 5 s &
Ba I, DOFEFITHME LGS TR AR L Tk blen W) fENH -
77

FxiX KLMOFIEIZXLY 287 — FNEIEDFATTE 200 O THIZE & i
Wiz, TOFRE, KFNEN/3OE—LAXAT Y v X ——2721FTH, &7 —
MEeLTEMET A 2R L7 (Phys. Rev. A)

ZOFEHE KEENRL/IZR2 02T b0l & KICHAT S LU TFD
FRIZR D,

KHFEPROE—L ATV v & — (BS) IZHFB—DOANTDHE, KT IEH
SNTRELZE LTOREOEREDTIREICR D, ERabbEREBOKREO B F
NHERERETTO KFEBROMTELANMEELZEZEETHE KDL HIITRD,

Ul,0>=vR|1,0>-i\/01-R)[0,l> , U|01>=+R[0,1>—iJA-R)|1,0> (3)

2T, L0 L |01z FERENRTRE—L AT Y v X —DEM, BILOH
lDE— RICEET DREZ, £/ Vidv—2 A7 v ¥ —CLhbha=Xk 1 LEH
ERT,

S ANEHMNTOE—ROENENTHTFENRAEINDIGAETZ T ZE RS,
T5E, REB)DOREIZTKRO L ST D,

UlL0>=+R|1L,0> , U|01>=~+R|0,1> (4)
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TIEHRIZ, ZOE =LA Y v X —OAE—ROWFIZ 1 2T 2K FBAGF L
T, BOHAOE—FOmMENPL 12T OHFINLIGEEE X LD, ZOWfRIE,
KT OMIGRKFINLGEE, MFRERTLHHED2 0006705, ZNENLD
REZELADED L, ERELT

UlLl>=(1-2R)|1l> (5)

E7b, bL, RE1/3THhNIE, R40FTLD 7 v Mo RETEnEnd (1/
LD, ZOLE, INLDTEEAN2ODANKFITH LT $BFIC) &
5L FEREE (BB X h—Z 1 TL/B8I2R 53, 5, KRG oHELAD 7 v
FORBIT-1/38 720 B E D ESATAFERODWIRIZR D, DFEVD ., DAL
Y7 b AECTZ Il D, bRACR=1/208E1F. X G6G) AT OFEITOL
0L L DEWIREIIBENARNWZ LD, ZhiE, BARNTFONRTF U
WIS LTWD, 2O bbb, 204X —varnHroRYy &L ToMH
BaAALTWDZ ENHLETX D,

COFEMERWTHER LEZON, K3-5-1IRTHE ) v hF—FTH D, B—
LAT Y X —|T

LXoTHEmRINT Photon 1 in IENGLET 2

2 O DR T W EE
&V D B 72 1 Rk
7> T35,
PLE O T,
MO EEh 200
TE O 2 FF
Yt O F % 3OV
T EEREL
TV, fmitIkaE %
Ez TN, hTEE
HETSHZ &ix, B
EFIZTFELE+HTIC 1
He~r U7 BT Photon 1 out gq H; H> + |V; V>) Photon 2 out
ARV NS (SN |
o TR
N57=0, FEMICIZARE, b Lo X s maniE, KLMOAF—A
ERBEIC, 2O —FEHWTASr—F T A RBETHELAREICR D,

Flo, FEOBZRIZLYD, AJ1SNTZ200MN. LB 1%, b onvE Wk
RBIZLTHITD B o074 0¥ ] b HLE, ZoRBICEY, R
1 TCH—DOLONAEWVWREZHNNT2 (&1L OG0V OREENFREIZR D,

X 3-5-2 T HONEWNT 4 VX OBIENEFE I L DA
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B. #BIEFERERTFE O, v b7 — F ORMEEFER

TR ITRE LM LFHRZTFEZH WG, >~ 87— N ORGEERICAKI) LT,
K3-5-3IC W= F iz R"d, CWTI LI A 4L —F—% @m4ipL
AT oT-H%, VA Vv E—AGMHICHE LB B O (S ESmm) [ AL,
INT AR 7@kt e B — ARICEAESE T, BELIE AT AN v 7 8Exto
W%, fphr o AT s =5 - 2
WNE—RTZ 7 ANCH YT
WV LTz w7 TS
IRt EEREER, T
NWE—=RT7 7 A0 56OH
HET, BTV THRD
fREHE L 72 5P (1) ~0.55, F£7=
100mWD AR o FHEEREE . N
RAZ 7 4 LV H DN K4
nmiZFHB W T, 1007757
X DFEENFRET D o 72,

=

— 2 O el 2

PR T NN T R S
i+ %t & X3-5-11C4H X 8-5-3  HHE L 72 2 H R

YF BN R AS LR RSG Do R A2 X3-5-412r T, A, BENR
HE s > NEME, AR ERMERETH DL, DT, fEETE Y M la>, ENET
By bl L, ZRHAEIELTlab> LT 5, K3-5-4Tlk. b5 Ak EE
DHEZONTGEIZ FEOREBRIHN N INIEREE 7 70EmI TR LTND,
FRARM 2 2 > R — ME, AIR00BEIC0DOBAICIZFOEEH AL,
ANBTOBLEOIDOBRICIE, ey &G, ThbbZnghickt L1l
SE IR IOEH AT, M3-5-40EMD 7T 713, ZOBBHREEEZE LT
Do K3-5-4DFM[MD 7T 703, EBERTHL, b, Hl#EH . ~ NEEDHE
REN, TO—HEIL8 5% ThHh-olz, 7o, HHE Y hE LTI |DOERE
DERE, EEEY PELTIOEZANLEE, HAORL 2NLEWIREIZ/R > T
HZ EbMERINT,
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Ideal

Measured

Normalized coincidence count rate

3-5-4 fHlfH . > kI — b OFERAR

C. 2JIRRERM & SNEWVDORRE LA IER & £ DORGREER

INFETHELTCEL BT LHE-STOMDOL2NEWDOIFEDRED 5
me LT FHAITTZRE-ZEFREML SULEW IIZ OV TIFEZ 1T - T2,
HTEN 1, TRODLE—ETORBKREIL, & X FEmERE (V) &KFE
Wt (JB) EWnH, 2 °00ELTHEEREZHNTESTZEENTES, ThIC
LT, JETED 2 OREE (2 FIRRE) (X, 220 T8 G & HImE (|VVD) |
W5 EHAYE (JHE) | RN —FBAKETEH 5 —FHNEE ([HD) o3>0
JORRETRIR T2 2 &N TE S, ZhiE, 2200% 72 TRKHITE 5 HE& (D

'H>, |[H>|V>,
V> H>, [V
V>D 4 Y
O HJE B AT
E) LT EAR
HIEWCHER
LTIELW,
=& 20X, 2
TR EE L 2
IR REE o
H oA VIE,
B350
R IR BB
HE ™R B
HZ T,
[2 DD MAT
LTW3, b

HV HV HV
2 120 l HYV basis
Q »
58 w
g3 ]
(@) —
3E 4 2EPR
5
=~ 0 + {

0 90 180

Angle of the QWP in path B

X 3-5-5 2T 2HT b ONAWMRGEFERIEER, —FD 2 X REN
| HV>DREE TR SN Ic DWW T, o 2 e IRBED R &2 FH~
TW5, |RIL>TOMHERIZ, |HV>OBEAEDOESLITIC/R->TEBD, H
725 12200, L ONEW1HTx] TIEHIZTOHHATE T, 27D
DNAEWVDIFEEFFEL TV D,
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ONEVVIETR] EIEARENICE D,

LirL \*&_%V%MTwé 2O ER & mBE 2 A D T
EETIE, T2)FIRER) [XBITEDL2O00%F] RS THZLIFTER
W, ZTRETICD, 2t%h Bl b DA WVOAERIZHE) LT & Q& ITAFE LT
WD, ZRUT T2 TS, bONAEWVHEFR] ITE>THHIEAGETH -
7=,

Fxix, T2xrREELONAEVIRREE] &, T2 LTWs, oA
WSR2 RDT D HEERE L, Thix, ([HYD, [RL>, [PW) &), &
%i&@%@ki%®ﬁt%i@ﬁ@%@ﬁ%%ﬁéﬁ%?%éoR(L)@EE
D (ERY) HEY. P (M) 1Z+45E (—45/%) ORDERFLETHS, S
HIZ, ZOMGEEBREZITo/ R, T2 FIREM b DA VIREE] D4Rk % FGE
THZ LD TR LT,

D. BT ULAR—F—3 3 o OEEEOZEN 7T

M FERTEZRNZE&ETT— PORIEFEREZKLMO FEIC LIRS ED
Wi, BWEEETOE T LR—T — 3 3 YOERDKPER,
MEEZTTLREE L TERRYN, NT AN v 7 EARFEERICBIT S,
LT R OREREORETH D, "L AL—F—TERERHEL., Z0O/,UL 2T
ANV =PI SWEEEEZDH, HIZ 1 SO@EERFICER T 5546, hic
1XfD/NT A MU w78t BRI AE L [RRFIC ZOUL@%%XTﬁi%EEﬁ‘éﬁE#
TN ENE L TEHTEXS, L2rL, BF T VR—T—va U&7, 2
DEIIREG
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oL 5 EBRFHICHTIERODE
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a U TN | a1 mozhE ! J B
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MNEEFIZ 1 O 3

DRTHER =
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ESHEN 0 0.7 033 0.83 1.0 Tnsbruck(DEEBRFR
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T RLERELDNLTH D,

-60-



Fxlx, BE»rb0REEE= X —FT D5 HiEE LT, Bx OFA T 5615
H(VLPC) R, il FHmitig (SPCM) &, E—ALAT U v X —% L
ML EERERT D ETHTEDHREDEZ LY b0 HWESE &IOS T
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WG AIZBWTH D2, BT LNEIRTERW2/3 EOREEZZERT
XL EN oI,

(2) BIRBRERDSERIFINDIIR
VLB ASTEHRIERRRIC L » T, RO KD R RIEHDBAREICR D EBE A BN D,
A, B FERFE MW ETRE (Bfarva—2) OFEBRLEH
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7o TOHFEIT, BIE—RIITONL TV A EFIHFROBEBFTICO I TND,

Ll KRR EICE VAN o2 L 012, TN 22 A720F
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BIOZNOLORARER L EFICSF I ERRENFEBIIEH D, AFGE TIL,
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ZOEWRT, AL, FFEIRET 22580 THEHEIRE) Mo& MO
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15. dbJIEsE, NMR &1 =2 0 B a—2 O, Bt - R [& - IEREFE &2 ORR-
wEfarEa—% -5 - [FH0EE-] , pp.111-120, ¥ = Ztt, 2003

16. AR, &R OISR, B - BORRY TR ERR 7 e ToRM-E a0 Ba—
A o« - EEGE(E-) , pp.5T-63, YA = Atk 2003

17. NSRS, &7itHE - B rER@EEoRkE B, B - B T&HEHREEE 2
DEF-BEfFaEa—F BT - FHEE- , pp.191-198, Y1 =2 Atk 2003

18. MINEH, Bfar a—4%— -HOBFHNRMEEOEMBOIGH-, O plus E <§f
BN OMIR A2 L T> vol.26 No.1 (2004) , pp.53-57

19. /NEEE, [FieEtEReE - REER] - & 73E] , BAYBIYR5E5 59 &% 3 75,
157-165 (2004)

20. TrINESM, MBI EE T AW RO Ea—T 4 7, R 33K 5 5, 284-290
(2004)

21. TRHEEL, VE/KME, BREE AR, AR 2 NMR VETRIALEY SR DR 2~ 7 -
v, EAE vol.39 No.8 (2004), pp.11-21
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1. AU, BEfarva—%—, WENbH D, AERA Mook, pp. 74-75, 200245 H 10
H, B Brith

2. MNER, BE1rara—2BUSEHREONLY, Tr—Ny 7 20 ) —X (GER

) , 20054 2 H 21 HE 1 HRZEAT

(2) OBEHE

1.

OfFEfF. QEFEE (ERER 77TH#. BE¥E 62#4)
M. Kitagawa, K. Yamashina, S. Tojyo and D. Ulam-Orgikh, In Search for Molecules
which Calculate Quantum Mechanically, the Third SANKEN International
Symposium on Advanced Nanoelectronics: Devices, Materials and Computing,
Osaka University, Osaka, Japan, March 14-15, 2000 [invited]
Masanao Ozawa, Quantum Measurement, Information, and Completely Positive

Maps, the 5th International Conference on Quantum Communication
Measurement & Computing (QCM&CY2K), Capri, Italy, July 3-8, 2000 [invited]
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11.

12.

13.

14.

15.

16.

17.

18.

T. Terao, Dihedral angle determination and optical nuclear polarization, XIX
International Conference on Magnetic Resonance in Biological Systems (the XIXth
ICMRBS), Florence, Italy, August 20-25, 2000

A. Goto, R. Miyabe, T. Shimizu, H. Kitazawa, K. Hashi, H. Abe, G. Kido, K.
Shimamura and T. Fukuda, Investigation for the possible crystal NMR quantum
computing device with BaLiFs, The 14th International Conference on High
Magnetic Fields in Semiconductor Physics, Matsue, Japan, September 24-29, 2000
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BB IR |, 2000 42 9 A 22-25 H
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WAL A2 5 61 mIE RS, B R, 2000 410 H 3-5 B [HifFaH]

W EMTT, NG hEE, SFRREZ, b~ A 7 n BEE SRR, 539 NMRFHme, |
HUHE, 2000 42 11 A 9 H

L)%, More Qubits for Molecular NMR Quantum Computation, 25 4 [Fl& 11 #H
AT (QIT4), H THEARE, 2000 4 11 H 29-30 H

VIR, St a2 W B HEAE, FHIEEHEESE TR T T b=
7 AERETERS TE LGS A XV, BB ARFZeRT (B R IRAISEH) | 2000 4F 11
A 22 B [HRF55EE ]

AT, o Ba—FHBORAM-EZEAY VEfarta—20E ey Mb-,
EWOFIFESE 7 0 MPS U AR UL T LWHEBE ARG XS A~BEFI5Fa B
— BRI~ O, PRR 12 4F 12 A 1415 B [A45#E]

T. Terao, Dynamic nuclear polarization by photo-excited electron spins, The
International Chemical Congress of Pacific Basin Societies, Pacifichem 2000,
Honolulu, Hawaii, December 14 -19, 2000

NP, Ay BEFarva—20%ey My, ISHE DSBS RIgES
21 HACOHFT ~EFaLrEa—FXOEBICTT T~, R LERTY CGERH) |
2001451 A 18 H  [HAfFf]

AT, NMR &7 20 B a— 2 OB0K L8, IS raEroly fe=7 X
e TR EWRAE ), EERYBIFRE I F— U2 (REFR) , 2001 4 1 A 25-27
ERNEEEST =l

VIR, B o B a—& Lo, L—P—FRFIERSE 21 EFERKRES, |
REEE T +—7 ACERER) , 2001451 H 30-31 B [#Rfr#T#H]

HEFEA, VTINER, RS E AW BT LR —T — Y 3 VERORGE, A
WBLE R0 56 [IAERRZ, PR (RUHB) , 2001 4F 3 H 27-30 H

/NEBIEE, R & & 2O LA %ROME, BAYFRE 56 BIFER KRS,
Ry (ROR#R) |, 2001 4R 3 A 27-30 H

Masanao Ozawa, Quantum Operations, Measurements, and Computing, Euro
Workshop on Quantum Computer Theory: In Search of Viable Optimal Design,
Turino, Italy, June 17-30, 2001

Takehiko Terao, Dynamic Nuclear Polarization by Photo-Excited Electron Spins,
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26.

27.

28.

29.

30.

31.

32.

33.

2001 Gordon Research Conference on Magnetic Resonance, Roger Williams
University, Bristol, Rhode Island, June 17-22, 2001

M. Ozawa, Entropy changes in generalized quantum measurements and completely
positive map valued measures, the Second ESF QIT Conference: Quantum
Information Theory and Quantum Computing, Gdansk, Poland, July 10-18, 2001
Shigeki Takeuchi, Quantum information technology using photons, CLEO Pacific
Rim 2001, Makuhari Messe, Makuhari, July 15-19, 2001 [invited]

Masahiro Kitagawa, Challenges in bulk-ensemble NMR quantum computation,
ERATO mini-symposium, JST SCIENCE CENTER, August 24, 2001

T. Terao, K. Takeda, and K. Takegoshi, Dynamic nuclear polarization by
photo-excited electron spins, 14th conference-ISMAR (International Society of
Magnetic Resonance) 2001, Rhodes, Greece, August 19-23, 2001

Shigeki Takeuchi, Twin photon Beams for Single photon Generation, the 7th
International Symposium on Foundations Mechanics in the Light of New
Technology (ISQM-Tokyo'01), Saitama, Japan, August 27-30, 2001 [invited]

T. Terao, Studies on Dynamic Nuclear Polarization Induced by Laser and
Microwave, 2nd Alpine Conference on Solid State NMR, Chamonix-Mont Blanc,
France, September 9-13, 2001

Akio Fujiwara, Information geometry of dense coding, ERATO workshop on
Information Science 2001 (EQIS'01), Tokyo, Japan, September 6-8, 2001

Shigeki Takeuchi, Quantum information technology using photons, ERATO
workshop on Information Science 2001 (EQIS'01), Tokyo, Japan, September 6-8,
2001

Harumichi Nishimura, On quantum computation with some restricted amplitudes,
ERATO workshop on Information Science 2001 (EQIS'01), Tokyo, Japan,
September 6-8, 2001

Masanao Ozawa, Quantum measurements and information theory, ERATO
workshop on Information Science 2001 (EQIS'01), Tokyo, Japan, September 6-8,
2001

YrNER, AR ST, MEARELE], SO A2 W B IRO kA, B
HiZE2Y 2001 FERKF R, MEESCEIRS: (TR , 200149 A 17-20 H
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9 H 17-20 H

H. F. Hofmann, JFH#E%, IR, /MKZFE S5, Transfer operator description for
continuous variable quantum teleportation, HA#BE =2 2001 FFKFE RS, S
R (TEEUL) , 2001 4E 9 A 17-20 H
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v O mBES eI, % 40 M NMR #ims G, 2001 4 11 5 14-16 A

T. Terao, Dynamic Nuclear Polarization Induced by Laser and Microwave,

Japan-Taiwan NMR Symposium, Kyoto, Japan, November 13, 2001

Holger F. Hofmann, Kenji Tsujino, and Shigeki Takeuchi, Effects of noisy entangled

state transmission on quantum teleportation, %5 5 [H& -FMILMFHFIES (QITH),

NTT JEARZERFE® 7 () IIREAT) , 2001 4 11 A 12-13 H

Shigeki Takeuchi, Twin photon beams and high quantum efficiency multi-photon

counters, Australasian Conference on Optics, Lasers and Spectroscopy 2001

(ACOLS2001), The University of Queensland Brisbane, Queensland, Australia,

December 3-6, 2001

H. F. Hofmann, K. Tsujino, S. Takeuchi, Effects of transmission errors in

entanglement distribution on a teleported quantum state, Australasian Conference

on Optics, Lasers and Spectroscopy 2001 (ACOLS2001), The University of

Queensland Brisbane, Queensland, Australia, December 3-6, 2001
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g, B TERY: (BUER) , 200241 H 18 A [
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THERY: (THEM) , 200242 7 14-15 B [HAFFa# 1]

A. Goto, T. Shimizu, K. Hashi, H. Kitazawa, S. Ohki, S. Eguchi, Magnon-mediated

quantum gate in a nuclear spin quantum computer, NML International Symposium

on "Quantum Computation and Communication with Nano Scale Materials",

National Institute for Materials Science, Tsukuba, March 7-8, 2002 [invited]

Masahiro Kitagawa, Initialization Problem of NMR Quantum Computers, the 10th

JST International Symposium on Quantum Computing, Tokyo, Japan, March 12-14,

2002

Harumichi Nishimura, On Quantum Computation with Some Restricted

Amplitudes, 19th International Symposium on Theoretical Aspects of Computer

Science, March 14-16, 2002
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T. Terao, Cross Polarization in Solid-State NMR: Replacement and Reinforcement,

An International NMR Symposium, Tokyo, April 11-12, 2002

BN, NMR &+ =20 o —2 oL, 5 6 Bl&E-F@REiiirsts (QITe),

SRR CRUEBiT) , 2002 4F 5 A 27-28 H - [4AfFa ]

FRIRE S, S E@E RO, 5§ 6 & HlREdhiifts (QIT6), AR Y Gialim) ,
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TEKAE, PR, s AL, JiEEIEH], NMR & 73R OB%E, % 6 [Bl& 1-1F Wt

Ji2 (QIT6), m#bky: (Rl , 2002 £F 5 H 27-28 H

Holger F. Hofmann, Shigeki Takeuchi, Realization of quantum operations on

photonic qubits by linear optics and post-selection, # 6 [H]& ¥ 1% RIHTAFTES

(QIT6), FHEBR: (CRUERTT) , 2002 4F 5 7 27-28 H

M. Kitagawa, Initialization and Scalability of NMR Quantum Computers, The

Sixth International Conference on Quantum Communication, Measurement and

Computing (QMC&C2002), Cambridge, Massachusetts USA, July 22-26, 2002

[invited]

M. Ozawa, Quantum limits of measurement and computing induced by

conservation laws and uncertainty relations, The Sixth International Conference on

Quantum Communication, Measurement and Computing (QCM&C2002),

Cambridge, Massachusetts USA, July 22-26, 2002 [invited]

Atsushi Goto, Tadashi Shimizu, Kenjiro Hashi, Hideaki Kitazawa, Shinobu Ohki

and Sachie Eguchi, Technical developments for solid-state NMR quantum

computers, the 23rd International Conference on Low Temperature Physics,

Hiroshima, Japan, August 20-27th, 2002

Kenjiro Hashi, Atsushi Goto, Ryo Miyabe, Tadashi Shimizu, Giyuu Kido, Shinobu

Ohki, and Susumu Machida, Optical pumping NMR in InP, the 23rd International

Conference on Low Temperature Physics, Hiroshima, Japan, August 20-28th, 2002

M. Ozawa, Halting problem for quantum Turing machines, First Feynman Festival,

University of Maryland College Park, Maryland, U.S.A., August 23-28, 2002

T. Terao, New Approaches for Dipolar Recoupling and Nuclear Polarization, XX

International Conference on Magnetic Resonance in Biological Systems ( the XXth
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71.

72.

73.

74.

75.

76.
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ICMRBS), Tronto, Canada, August 25-30th, 2002

Masahiro Kitagawa, Akira Kataoka, Efficient initialization scheme for real
quantum computatin using NMR, ERATO workshop on Quantum Information
Science 2002 (EQIS'02), Tokyo, Japan, September 5-8, 2002

YTNER, "7~ - F - /L%, Single entangled-photon pair generation using
parametric down conversion and linear optics, H A#ELSE 2002 KRS,
R (EmMFARB ) 200249 H 6-9 H

ANEIETE, fEERAAEL O &) R0HR, T IRE Y B e T e s TR
A2 B & FBROIUKR ), s GRUERT) |, 200249 H 9-11 H

M. Kitagawa, Experimental quantum computation with molecules, the 2nd
International School on Contemporary Physics: Quantum and Nonlinear Physics,
Nuclear Physics & Condensed Matter Physics, National University of Mongolia,
Ulaanbaatar, Mongolia, September 9-19, 2002 [invited]

Masahiro Kitagawa, Experimental Quantum Computation with Molecules, the 6th
International Conference on Developments in Language Theory (DLT2002), Kyoto,
Japan, September 18-21, 2002 [invited]

M. Ozawa, Halting of quantum Turing machines: Can you Monitor Quantum
Turing Machines?, the 3rd International Conference on Unconventional Models of
Computation, Kobe, Japan, October 15-19, 2002

TEKAE, sl —RE, PHETIEZE, 584 NMR OBZE, 56 ARl F L v Ry v A ¥
B - MOEHIFERERE GRS <IEHT) L, 2002 45 11 H 6-8 B [#AfFa ]
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T (HUHR) 2002 4F 11 A 11-12 H
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NMR ZEE OB & NMR FHHlFE SR , BE6F NMR & o % — (7)1 BRAafii) , 2002
F12 A 10 B [HHframE ]

Shigeki Takeuchi, Quantum Mechanics and Single Photon Technology, the 4th
REIS-Hokudai Symposium, Keio Plaza Hotel Sapporo, Sapporo, Japan, December
11, 2002 [invited]

/INEBIEE, ATt FE S Wigner-Araki-Yanase O EHOFGEAIEGR, M OE v
Ea—Z DS, KR FBEATII R e R s (B N FROFF L L O&ET 2
Y a—Z~OISH], FERES GRLB) , 2002 48 12  24-26 H

Tadashi Shimizu, An NMR Quantum Computer on the Semiconductor CdTe, the

8th International Symposium on Advanced Physical Fields "Advanced Materials for
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87.
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Quantum Computing" (APFS8), National Institute for Materials Science, Tsukuba,
Japan, January 14-17, 2003
A. Goto, K. Hashi, T. Shimizu, S. Ohki, T. Iijima, Development of a nuclear
polarizer with the optical pumping method, the 8th International Symposium on
Advanced Physical Fields "Advanced Materials for Quantum Computing" (APFS8),
National Institute for Materials Science, Tsukuba, Japan, January 14-17, 2003
[invited]
Shigeki Takeuchi, Quantum Computation using Photons, the 8th International
Symposium on Advanced Physical Fields "Advanced Materials for Quantum
Computing" (APFS8), National Institute for Materials Science, Tsukuba, Japan,
January 14-17, 2003 [invited]
YVINERE, 7 E AW i- BT ERIEE AR, L — T — 22 REE SR 28 FHER AR,
T N T g 7 L A Z— (F R RATT) , 2003 42 1 1 31 B [BRfRE]
Yasuhito Kawano, Yasuhihiro Takahashi, Shigeru Yamashita, Masahiro Kitagawa,
Explicit Implementation of Quantum Computers on a Unidirectional Periodic
Structure, Carrier Interactions and Spintronics in Nanostructures 2003, NTT Basic
Research Laboratories, Atsugi, Japan, March 11, 2003
TETERIE, RUSEIT, ALNIEEE, A 7 AFALICEES < NMR & AL A X — A0
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THEARM, MARE, REE, HH—R, St IT 5 ASHA BAEH O G A KT
P, AA 0 58 AR RE, BAEKRSY: (i) |, 2003 4 3  28-31 H
B ER, JIMERES, TTINER, TARELE], 3 SOEERIEZ L O FRIOE o1
BV, BHAMBLERG 68 [EFERRS, RALKRS: (iieT) , 2003 43 A 28-31 H
FEARTFNSR, PTPNERS, EAREE], X7 A MY v 7 FHEBIZE DL gV kT
AT I, AAMELR R 58 [FE R, HAERSY: (ilBTh) |, 2003 4% 3 A 28-31 H
INBIEE, N B AL A EEFREEOBERL EFEOETIRR, HAYRLYES
% 58 [MFERRZ, ALK (&) , 2003 4£ 3 A 28-31 H
M. Ozawa, Uncertainty relations and the limits on quantum computation,
Benasque session on Quantum Information 2003, Benasque Center for Science,
Benasque, Spain, June 22 - July 11, 2003
Masahiro Kitagawa, Quantum Information Processing at Molecular Scale,
Symposium on Molecular Structural Basis of Information Reception and Transfer,
The Science Council of Japan, Tokyo, Japan, June 25-27th, 2003 [invited]
Kazuyuki Takeda, Masahiro Kitagawa, Studies on dynamic nuclear polarization by
photo-excited triplet electron spins, # 8 [Bl & & HRILMTAFIEES (QITS), dbiFiE K7
(kL) , 200346 A 30 H-7 H 1 H
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93. s ES:, LIS, NMR (k&7 — U 2B E =%y U —y MNELME
[ F28k, 45 8 Al & 11 MEL i 7E s (QITS), dbifEE K5 (FLIRTHT) , 2003 4 6 H 30
H-TH1H

94. HHFEIR, AT~ AIVT, VINERE, AR, T A MY v 7 TR AE W 2
T— NN 4 e RAEDORAEFERR, & 8 Bl i sis (QIT8), dLERY: (FL
i) , 2003426 H 30 H-7H 1 H

95. Kazuyuki Takeda, Masahiro Kitagawa, Attainment of high nuclear spin
polarization in molecular crystal and its applicability to NMR quantum computing,
ERATO QUANTUM INFORMATION SCIENCE 2003 (EQIS'03), Niijima-kaikan,
Kyoto, Japan, September 4-6, 2003

96. Shigeki Takeuchi, A high efficient single photon source and quantum phase gates
for photonic qubits, ERATO QUANTUM INFORMATION SCIENCE 2003
(EQIS'03), Niijima-kaikan, Kyoto, Japan, September 4-6, 2003 [invited]

97. M. Ozawa, Uncertainty Principle for Quantum Instruments and Computing,
ERATO QUANTUM INFORMATION SCIENCE 2003 (EQIS'03), Niijima-kaikan,
Kyoto, Japan, September 4-6, 2003

98. M. Ozawa, Entanglement and Violations of Heisenberg's Noise-Disturbance
Uncertainty Relation, A Satellite Workshop to EQIS'03, Nonlocality of Quantum
Mechanics and Statistical Inference, Kyoto, Japan, September 9, 2003 [invited]

99. WEATFNEk, PrNVER, TEARWE], T A MY v FHEBIZE D =2k b a0t
TR OFHM, HAAMEETFZ 2003 TR Z, LR (WL , 2003 49 A 20-23 H

100.M. Ozawa, Mathematical Theory of Quantum Measurements and Its Applications
to Quantum Information and Computing, von Neumann Centennial Conference:
Linear Operators and Foundations of Quantum Mechanics, Budapest, Hungary,
October 16-20, 2003

101.M. Ozawa, New Formulation of Uncertainty Principle for Joint Measurements: Its
Applications to Quantum Limit of Quantum Computing, International Conference
on Quantum Information 2003 (ICQI 2003), Tokyo University of Science, Tokyo,
November 1-3, 2003

102.Masahiro Kitagawa, Toward real quantum information processing with nuclear
spins in molecules, International Symposium on Photonics and Spintronics in
Semiconductor Nanostructures, Kyoto, Japan, November 2-3, 2003 [invited]

103.Masahiro Kitagawa, Toward real quantum computation with molecules,
International Conference Quantum Information 2003 (ICQI2003), International
Institute for Advanced Studies, Kyoto, Japan, November 5-7, 2003 [invited]

104.Kazuyuki Takeda, Studies on dynamic nuclear polarization using photo-excited
triplet electron spins, % 42 [l NMR #7ass, KIRKFa Xy va w4 — (KR
JEWRHIT) , 2008 4F 11 H 26-28 A [Iff7a#H]
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106. /YNBSS, oA MW EFitE, L—V—FRAI15 30 FFELE  L— =725
AR E 24 RIS, B EEE > 7 — (EIRIATH), 2004 4 1 7 29-30 B [
G

107.Robabeh Rahimi, Kazuyuki Takeda, Masahiro Kitagawa, M. Ozawa, Detection of
Entanglement in NMR Quantum Information Processing, International
Symposium on Mesoscopic Superconductivity and Spintronics 2004 (MS+S2004),
NTT R&D Center, Atsugi, Kanagawa, Japan, March 1-4, 2004

108.Shigeki Takeuchi, Distinguishing entangled two-photon states and a highiy
efficient single photon source, The International Symposium on Quantum
Info-Communications and Related Quantum Nanodevices, Tokyo, Japan, March
11-12, 2004 [invited]

109. S FE A, Snfd RS, BRI IEAKME, KA, ik OME#H MAS FCTo CP NMR #
W= InP O A B - A UG T VLV ORFZE, ALY 84 BFHES, M
PaEBE RS (SRR PEET) |, 2004 45 3 H 26-29 H

110. BT, b)1BE, (ABC) n 8 NMR & =1 & B 2 —Z (21T 2B IRE UL 2 & v
7z controlled2-U 7" — &, HAMBL -2 59 MIEEURZ:, fal T, 2004 4 3 7 27-30 H

111.Robabeh Rahimi Darabad, & H f1 17, JbJIl B5 %, Entanglement in NMR
Implementation of Superdense Coding, H AW =25 59 [RIMFER KL, T, 2004
3 H 27-30 H

112.Takehiko Terao, Sensitivity Enhancements by Nuclear Overhauser Polarization
and Dynamic Nuclear Polarization, AMPERE XII NMR SCHOOL, Zakopane,
Poland, June 6-11, 2004 [invited]

113 bR, fmbd BB, TLH=ERE, B JHKME, AP, WRE, e —R, BY o
NMR #F78, % 3 [BIsiehisies, WE - MEHFZeRmE, > <13, 2004 426 H 15 H
114. 5K, TH/KM, St R, KR, SREMIR, KF#RE, oA ©r 7 X 281K
PR A Y ORI, 5 3 MRS, WE - MEMITTERERE, © <X, 2004 4F 6

H 15 H

115. 8RR, bnfd AR, $RBREC JE/KM, KA, FERESfERE NMR 12 X2 8RO
Jt, M2 NMR AFFE2 2004-1, BT3RS (Bidsri) |, 2004 426 A 25 H

116.M. Ozawa, Universal Uncertainty Principle and Quantum State Control Under
Conservation Laws, The Seventh International Conference on Quantum
Communication, Measurement and Computing (QCM&C2004), Glasgow, UK, July
24-29, 2004

117.S. Takeuchi, K. Tsujino, H. F. Hofmann and K. Sasaki, Distinguishing genuine
entangled two-photon —polarization states from independently generated pairs of
entangled photons, SPIE Annual Meeting 2004 Optical Science and Technology,
Colorado Convention Center, Denver, Colorado, U.S.A., August 2-6, 2004 [invited]
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119.Shigeki Takeuchi, Quantum information technologies using photons, KIAS-KAIST
2004 Workshop on Quantum Information Science, KIAS International Conference
Hall, Seoul, Korea, August 29-31, 2004 [invited]

120.Y. Kawano and M. Ozawa, Quantum Gates Generated by Rotationally Invariant
Operators in a Decoherence-Free Subsystem, ERATO Conference on Quantum
Information Science 2004 (EQIS'04), Tokyo, Japan, September 1-5, 2004

121.Kazuyuki Takeda, Takashi Uto, Masahiro Kitagawa, Abrupt switching of
internuclear dipolar interactions in rotating solids, ERATO conference on Quantum
Information Science 2004 (EQIS'04), Tokyo, Japan, September 1-5, 2004

122.Masahiro Kitagawa, Kazuyuki Takeda, Akinori Kagawa, Robabeh Rahimi D., Akira
Saitoh, Akira Kataoka, Bringing Entanglement and Exponential Speedup in NMR
Quantum Computation, ERATO conference on Quantum Information Science 2004
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130.Masahiro Kitagawa and Akira Kataoka, Enumerative Coding for Efficient
Initialization of Mixed Ensemble Quantum Computers, The 2004 International
Symposium on Information Theory and its Applications (ISITA2004), Parma, Italy,
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131.Masanao Ozawa, Universal Uncertainty Principle, An Isaac Newton Institute
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133.Robabeh Rahimi, Kazunobu Sato, Kou Furukawa, Kazuo Toyata, Daisuke Shiomi,
Toshihiro Nakamura, Masahiro Kitagawa, and Takeji Takui, Pulsed ENDOR-Based
Quantum Information Processing, 1st Asia-Pacific Conference on Quantum Information
Science, National Cheng Kung University, Taiwan, December 10-13th, 2004

134.Masahiro Kitagawa, Kazuyuki Takeda, Kensuke Nagashima, Akinori Kagawa,
Robabeh Rahimi, Akira Saitoh, Real Quantum Computation with Nuclear Spins in
Molecules, International Workshop on"Materials Science and Nano-Engineering",
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136.S. Takeuchi, Entanglement of the Optical Angular Momentum of Photons, The
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1. Duger Ulam-Orgikh and Masahiro Kitagawa, Spin squeezing and decoherence limit
in Ramsey spectroscopy --Even sub-optimal entanglement can achieve absolute
improvement--, the 5th International Conference on Quantum Communication
Measurement & Computing (QCM&CY2K), Capri, Italy, July 3-8, 2000
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5. Duger Ulam-Orgikh and Masahiro Kitagawa, One-to-one correspondence of
spin-squeesing and concurrence in the maximum multiplicity subspace, the 7th
International Symposium on Foundations Mechanics in the Light of New
Technology (ISQM-Tokyo'01), Saitama, Japan, August 27-30, 2001
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Akio Fujiwara, Statistical Estimation of a Quantum Channel, the 7th International
Symposium on Foundations Mechanics in the Light of New Technology
(ISQM-Tokyo'01), Saitama, Japan, August 27-30, 2001

Holger F. Hofmann, Toshiki Ide, Takayoshi Kobayashi, Akira Furusawa,
Information extraction and quamtum state distortions in continuous variable
quamtum teleportation, the 7th International Symposium on Foundations
Mechanics in the Light of New Technology (ISQM-Tokyo'01), Saitama, Japan,
August 27-30, 2001

K. Tsujino, S. Takeuchi and K. Sasaki, A detailed analysis on the Fidelity of
Quantum Teleportation using Photons, the 7th International Symposium on
Foundations Mechanics in the Light of New Technology (ISQM-Tokyo'01), Saitama,
Japan, August 27-30, 2001

Masahiro Kitagawa, Entanglement in bulk-ensemble NMR quantum computation,
ERATO workshop on Information Science 2001 (EQIS'01), Tokyo, Japan,
September 6-8, 2001

Duger Ulam-Orgikh and Masahiro Kitagawa, Exact solution for two-axis twisting
Hamiltonian, ERATO workshop on Information Science 2001 (EQIS'01), Tokyo,
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Kensuke Nagashima, Takehiro Ogawa and Masahiro Kitagawa, Quantum circuit
design for NMR quantum computers, ERATO workshop on Information Science
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Holger F. Hofmann, Analysis of entanglement by simultaneous finiteresolution
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Computation and Communication with Nano Scale Materials", National Institute

95



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

for Materials Science, Tsukuba, March 7-8, 2002

A. Kagawa, A. Kataoka, T. Nishimura, M. Kitagawa, NMR Experiment of Quantum
Gates using Nonadiabatic Goemetric Phase, the 10th JST International
Symposium on Quantum Computing, Tokyo, Japan, March 12-14, 2002
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International Symposium on Quantum Computing, Tokyo, Japan, March 12-14, 2002
H. Kitazawa, K. Hashi, S. Eguchi, T. Shimizu, A. Goto, G. Kido, NMR Study of YP
and YPOs as a 2-Qubits Quantum Computer, the 10th JST International
Symposium on Quantum Computing, Tokyo, Japan, March 12-14, 2002

Shigeki Takeuchi, Ryo Okamoto, Kenji Tsujino and Keiji Sasaki, Quantum
Information Technology using Photons, the 10th JST International Symposium on
Quantum Computing, Tokyo, Japan, March 12-14, 2002

Holger F. Hofmann and Shigeki Takeuchi, Manupulation of photonic qubits by
post-selected beam splitters, the 10th JST International Symposium on Quantum
Computing, Tokyo, Japan, March 12-14, 2002

Masanao Ozawa, Conservation Laws, Measuremants, and Quantum Computing,
the 10th JST International Symposium on Quantum Computing, Tokyo, Japan,
March 12-14, 2002

Elham Kashefi, Harumichi Nishimura and Vlatko Vedral, A note on quantum
one-way permutations, the 10th JST International Symposium on Quantum
Computing, Tokyo, Japan, March 12-14, 2002

Kazuyuki Takeda, K. Takegoshi and Takehiko Terao, NMR sensitivity
enhancement by dynamic nuclear polarization using electron spins in the
photoexcited triplet state, the 10th JST International Symposium on Quantum
Computing, Tokyo, Japan, March 12-14, 2002
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pumpued NMR in semiconductors: application to the solid-state NMR quantum
computers, The 43rd Experimental Nuclear Magnetic Resonance Conference (the
43th ENC), Asilomar, U.S.A., April 14-19, 2002

K. Hashi, T. Shimizu, A. Goto, T. Kiyoshi, S. Matsumoto and H. Wada, Development
of a 920 MHz NMR System with Superconducting Magnet, The 43rd Experimental
Nuclear Magnetic Resonance Conference (the 43th ENC), Asilomar, U.S.A., April
14-19, 2002
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Kenji Tsujino, Shigeki Takeuchi, and Keiji Sasaki, A quantum state tomography of
two entangled photon pairs within ultra short pulse duration, International
Conference on Quantum Information, Oviedo, Spain, July 13-18th, 2002

Akira Kataoka, Masahiro Kitagawa, Initialization algorithm of NMR quantum
computers, ERATO workshop on Quantum Information Science 2002 (EQIS'02),
Tokyo, Japan, September 5-8, 2002

Shigeki Takeuchi, Ryo Okamoto and Keiji Sasaki, A single photon source using
parametric down conversion, ERATO workshop on Quantum Information Science
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Kenjiro Hashi, Hideaki Kitazawa, Tadashi Shimizu, Atsushi Goto, Shinobu Ohki
and Sachie Eguchi, Simulator of the NMR line width due to the nuclear dipole field,
the 8th International Symposium on Advanced Physical Fields "Advanced
Materials for Quantum Computing" (APF8), National Institute for Materials
Science, Tsukuba, Japan, January 14-17, 2003

K2k, AL, R EF17, Flip-Flop Hamiltonian |2 X 2 &1 %7 — MM&EIE, 5 8
[ &I AT 7E = (QITS), AbifpiE R~ (FLWETT) , 2003 46 5 30 H-7 H 1 H
SERE N, BT, LB, BEE NMR I X D6EEE © <~y 7 A50EHEEE T I
B2 G TFHEAEREIRBSOR A, 5 8 M&E - EMEIFIEs (QITS), JbiE kX
& (FLWRT) , 200346 H 30 H-7H 1 H

PERT RNk, TN, EAREE], X7 A MY v 7 FEEBIZE D b onAaWIt oy
— DRI AET 1, 5 8 BIEEMETT 7t (QIT8), dbiRE K5 (L) , 2003 4 6
H30H-7H1H

Kenji Tsujino, Holger F. Hofmann, Shigeki Takeuchi, and Keiji Sasaki, Generation
of entanglement between a pair of two photon polarization states using TYPE-II
parametric down-conversion, the 16th International Conference on Laser
Spectroscopy, Tropical North Queensland, Australia, July 13-18, 2003

T. Iijjima, K. Hashi, A. Goto, T. Shimizu, and S. Ohki, Indirect Nuclear Spin-Spin
Coupling in InP Studied by CP/MAS NMR, the 7th International Symposium on
Research in High Magnetic Fields (RHMF2003), Toulouse, France, July 20-23, 2003
K. Hashi, A. Goto, T. Shimizu, T. Iijima and S. Ohki, High field NMR up to 23.5 T
with a resistive magnet, the 7th International Symposium on Research in High
Magnetic Fields (RHMF2003), Toulouse, France, July 20-23, 2003

T. Shimizu, K. Hashi, A. Goto, M. Tansho, T. Kiyoshi, S. Matsumoto, H. Wada,
Overview of the development of high resolution 920 MHz NMR in NIMS, the 7th
International Symposium on Research in High Magnetic Fields (RHMF2003),
Toulouse, France, July 20-23, 2003

A. Goto, K. Hashi, T. Shimizu, X. Wen, S. Ohki, and T. Iijima, Optical pumping
NMR system for qubit initializations in solid-state NMR quantum computers,
International Conference on Magnetism 2003 (ICM2003), Roma, Italy, July 27 -
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Munehiro Inukai, Kazuyuki Takeda, Masahiro Kitagawa, Quantum gate synthesis
from flip-flop Hamiltonian, ERATO QUANTUM INFORMATION SCIENCE 2003
(EQIS'03), Niijima-kaikan, Kyoto, Japan, September 4-6, 2003

Akira Saitoh and Masahiro Kitagawa, Macroscopic Binary Entropy in the
Initialization of NMR Computers, ERATO QUANTUM INFORMATION SCIENCE
2003 (EQIS'03), Niijima-kaikan, Kyoto, Japan, September 4-6, 2003

R. D. Rahimi, K. Takeda and M. Kitagawa, NMR quantum information processing
without pseudo-pure state, ERATO QUANTUM INFORMATION SCIENCE 2003
(EQIS'03), Niijima-kaikan, Kyoto, Japan, September 4-6, 2003
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Takashi Uto, Kazuyuki Takeda, Masahiro Kitagawa, Controlled operations by
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QUANTUM INFORMATION SCIENCE 2003 (EQIS'03), Niijima-kaikan, Kyoto,
Japan, September 4-6, 2003
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Masahiro Kitagawa, NMR Quantum Information Processing with Entanglement,
Conference on Quantum Information with Atoms, Ions, and Photons, La Thuile,
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Robabeh Rahimi, Kazuyuki Takeda, Masahiro Kitagawa, NMR Superdense Coding
Experiment Reconsidered, The International Symposium on Quantum
Info-Communications and Related Quantum Nanodevices, Tokyo, Japan, March
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Saitoh Akira and Masahiro Kitagawa, Evaluation of Quantum Algorithms with
Thermal Equilibrium Initial States Using an Interpretive Simulator, The
International Symposium on Quantum Info-Communications and Related
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M. Ozawa, Quantum State Control Limit, The International Symposium on
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