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1. HLED(EHEE)

Kihtr 22—k  (EILIHZ

Kty ¥ —Dv ¥ —RORTEHELELT, <L 2FEHEZIZELE
23, ZOM, #HE - FEOEKO T, WNCRKFEARE « % v o S 2
BOEHOZTXTEIZEY, B2 RKBRITTEELRLILEZ, ZO%EEB
B LTHBILR L ETET. KR ¥ —7L0 4558 FETH, ¥ —
DIEBNE, A2 —VF— ORI A, 8 A JeAE 5 T BB i
HNFIZOWTOEEHAZBBENLTEBY 30T, KRB Z—0, BOTF
DHFHBE LT Rt 2 X 25 LW ) &EIZ ZHRIEL 72012, &9
H—Fea BREVE L7,

ST, BEAESTIEIVWDLWYS THE O] OKRERBRICELT, ZhET
ICEE ST X ok 2 e B OA O MBME R UL TR Y £9°23, KFEOH
DOLGFIZB W THRBEOMLERZE TN HTNE DO TIERNTL LD
. B ED - TH Y £ LEKEEROMATYH, MFEEEICME OFRE
N TBY, RbFARRICENZHA THWZZ LZFELTEBY £7.
NOT, ¥=a T VORWFEEY OFEBRILE D FEROFMRIZIE, Mo =,
JOUNUNRLEEZY DL IITHEA SN TWERNETR, bk Hig, VA
TAE L TCEREBELBAT IR LER->T, OV oI TN
B OMIRD B AENT D Z e 2RI TV FHE N EENET.

FL, FAIHEF 5 SFEDO KK AEIE L ¥ —72L 0 T, [FAOf-> T\ 582
BRI EWOoT U= MEREFLDELOOIEY—% FRIZEWVTEY, 4
THRBEICLTEY 4. BETIIMMEREZGL Y ET2E, b
PTA X —Fy FTHRBETDHEVIFERONTLES> TWETE, Hkipik
e 2 UNDIERARSH TS Z e, HWEHMRO L O E ST 5
ZENEELWEY, A THLIORFIIIEELTEBY £9. &9 2023 04FiT



<EBFET L, BETIIBGES N T AW HTE TWnET2Y, MIKET
TOEELEVWIRLNTHIRICEA L TYH, HaxRoW CEER ) U NEME
INTWDEZ LI, FELSEbhET. Ko Z2—7XhThH, 4%I1F, KA
FRICB T 20 A7 i a2 RIS ETE L EBEXTBV ETOT, M
BRENTINE LD BIEBMLE TV, £/, B ¥ —TiX, ZEAIZFH
HALEEBROERIZD L THLERD TENELEEZEXTEY 30T, KEER
BT AR, MR LBRRICE A —DRAZ v T ETBMOE T ST
FEWNTT,

E AT, AEZ, KEMEOHRICEWN T, BEEHLEN1 91 14
FUoR AL VD TRRAEN TS 1 0 04FEH L RDEEDET L. B,
ZOREN, AU FUrR2AICEDH 190 SEDNY T NFILOEIINTLD b
EHLINTZbDTHDZ LI, HIOEH & B FOMESRNE) - TH 7B
BRTHDHEEMEITRLTEBY £9. R HFHMEFICEID, BT,
10 OFRATE TR K D DRWIFEE L OMFRE DEAORIRESR, IR~
UAEFHATEDL LR, WRAMEMRENGEOLNTWETE, FEHLD
KRt Z—bZ0—lixk X2 TWNWDHZ EIZHED EEVEE LT £9.

A%Y, B —oOMEREEIZAT T, RO THIE LA LS BEWE
LET.

R 23412 A4 10 A



2. B (BIE/—hK)

AT e T aH A
i eSS

(ZFLEM IR H51T D DNA 8 R 18]

1. BFZeA =

FOR 2 DORERME 25 I KL TR SR A e S WVWET. 2ol
FRCRHI R 72D, BIEEHE ELBMIRI 226 TT. MiaEici, &
BRI HETS DNA (Yetaffk) 2889205 (S B L2 ORI BRI L 73R 35
R (M H) , SHICE R ] (G1 ) & ZMEH (G2 3N 23HV £3. G1 ] —S 1]
—G2 Hl->M Wb 1O ARSI E W T, ZoE 21 BTl LAl
(T2 2 7. ENENOHIIIE, KEIRIESCEINRIRA R E T2 TP DR
DU LT, IEREICHIE O BRAGCHEIT 21T/ CVVET . 2L C, BB #E
15 DNA 13 S i cERlENF I, ToERT<1072157C, MELERSNLZE
EHVEREA. Fo, PLOEB THEBINTITERSINAZELHVEFA. ZL T, %
JNL7= DNA 13, M #iC2fEofifaiz S il E 3 (EMAE TIX46 KD
DNAZ AR EH WD) AERLEIL92AK12720, MBI T46 AR D2 DMifEi i s
%) . UM AN W T, R T Lo bic M BIICEITLIZY, HDOWIEFH
BRINEZS720F 58, YR RlCBAR T8O R LT, Mt - L RE H
DT DN AL Z S| ER T L TRINET. ZOIHRIENBAELLRNIIIL,
AT E RIS L 2T/ 25 (2N 2, MR B B O iR & IE ML 22 T3 Dl A
WaFfoTWET. Fx i, ROz — RO ZHIE T2 (120 A
B3I DR FIR A 5%, FITT AL 2R F Cdtl O¥SREMATA 8L TZ O
BIZEWFA TOET.

EViIleE RS IRIAE R
FERL TCWRWREIRRITEAZER T CURLETVHE T

AORE B OWFZEDFEARIE, 121 2OMIFENEDIHZL TREE WA TS DNA %
BRIL (2F2120), A EN A2 DM EL T DD, D4y FHskE Ll R
EHOMNCTHIETT. ME ORI KELSE LG L=0n, 7 VERLEL TE
O TEEER . MR O T2 OHIEIC B BE FIcE REeL A R
PR RPRAICRENTL, EBICBIE TE7a—= 7 L CEDOEMERIETHZ L1128
R LN IR &2 LISV TEE LT, S HBEROMNT LY CDK A% RSz Paul



Nurse {8 =<0 H ZEEE RO MENT LV T = o VAR A 2 Ml EIFRERE 2 B 502X 3072 Lee
Hartwell 18 -LORFSERE ST, BEREOMILE RS20 O TIEZe<FA 7o B Mz
2B T DM E IV CH I E A B LI Ch A EMREI S, 2001 4
D) —~JVEHE LB OZE R R0 E U, TORMERIL, w7 B A R
ETDMAMPADIFZED RN —ZEH 72> TCWET . FAT2 B, BERE THEL LM ST K
FATOANT, ENIRE COMATEAERRE, FrC, BEMN R ELHERFS AR
HFDFFEZEAT>TNET .

XC, BER A TIFSE R T QWD TR TIE, BRESOEG Sy
BT REEOB R ZMERL QO E . ZHOMREFICHEEL QD0 TIERL, £
ORI EEIREE TR TEDLITHRAFL TOET . RAFFIENL, IRIRET HCRl%
MAEREL, 10% 7V ee— LV EMA 2% T 2—7 12 A, —80°C THAELRIFL TV
FT. Fx BMESTODERMIELENAED TR, NARZ—T2 8 OIZ B
SLCREBEOMIEREAFEHYET. SHICENMSROMIIEL A A B i -#F5E B IS C T
ZHHY, -, LA EDLHIEFE TEE T2 8 AL TERL IR M 5 kS H sk
ERoTEET. TN OMARG EEREM I &[RRI HASE R 77 (B, 10%DMSO %N
Z TR O LTCWVET A, —80°C T, Hur H 5L %< DMIlIZEA TLE

1 RAERICKLSMREORERE EHBBEOKRTF



WET. 22T, BEMORGEOT-ORREZPITTRFLET. 10400 BIRIKEFR
HFHZTRAFL TSI IR IR ZE RO H T &, eI ABAL 5. K 1a
DEEL, IWIREZD A>T fMRFERZ 7T, ZOHRICHIERE AT 2—7 M
ADT2Ry I A AL CWET (K 1.a 5 ¢ . IWIKER P CUiROE TV fila s
SEZBERIE, 37°C OUA—H— RAICCF a—T RO TR L1 (X1.d) . %
%, HEBIRDASTov Y —L ORI T iR L<HEE O 7 (K 1e).
HEAIEE, BERNEE37C, COz IRES%, E100% DA FaX—F CTHFRL
TWET(X1.£ g).

2. MKEEIZIBVT DNA (REE) IT—ERTHERINS

FEATIRARFEL23, MR JE I W T AR DO LA — FE D 2 Il 3 20481,
G RERIDOT A AMEHIE? EFEE R COVET . Yem ko @ RIBALA ST, G #
DIHT AT A TR T REZOIRTBIC/ZRVET A, S WIS EE-T1%1%, T4
B ZERIHIENAZEICLY, —EERMESN IR EE RIS 1o
TWET. ERIBALASIZ DNA " HEOHAZBRIRT AU —E MCM2-7 BHEAL
T(E—F&ENT0), I/ 2SN ET. ZOWRRIZEBVT Cde6 & Cdtl 23%HZE T
(2.G1 #). Fex i3, ZNHDORFZ @I T 2L BER N ELZ LA, BEREE H
WTHID THLMNZLELZ. $72bH, MCM2-7 QYR ~Da—T ¢ 7 %
THZEN, BFEBOGIEOF —HRAVMIR0ET. Fexld, ZO%ER Cdtl 27—
=2 7L, RN BT 5712 AMEOHIEBERE ORI A2 T o TEELT. 2L
T, Cdtl 1% S WIBAta#E, e F Ak <Tr a7 7Y — A THONITORSID D

HERBAE R G EECY

ORC
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SH
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CEFEALUELL. AE
Y A4 B
WD RIE I,
BRPWIZZE S F X
VRTINS T,
Iurr—PraiE
KipH o BB AEIR
TaT TV — LA THIRE
NET. (-7, Cdtl #
N IE GLENZIRAFE
FELETA, S MinvthE
ST AR BBALINIM
) FTIIFELEREA.
S WIvPA AL 7o, 3.Cdt1 (& 61 HHMRADKICTEE (RIFALFRE)
MCM2-7 [Z2ELEA

ZIEE X7 DOERBA S DBEIL TITE, SHIC Cdtl AME 72U RIBA bR MU
BEIFA 2 AMEESNHZEITHVEE A EERIZ, Miag Cdtl FUATREAaTHE Gl
oM I eaESnET. 3T, £ EOBED X108 EOME Blggs
NET. ZNHOHIIED DNA Z~FANTYRETLEEN TSN ET. ZhbHo
MDY H, ARG ASNIZAIEA Cdtl 238 C)A Gl lo#a T, fiwn
T, SHILOMEIWIE N ETHET AV A7V A LG L THIZ T DL, VAU A%
FEL COBHIIE (N7 — 28 fh) Tid Cdtl BFEEL TUWRWIZENR G ET.
J7pbbh, Cdtl 1% S Wb RS CWET. Ko T, ERBIMBITHET A&
AMESNDZEIETHVERE .

v

DNA (#%)

3. BRIDBME L7 /L LT CRL4A-Cdt2 2% Cdtl Dy EE -5

Cdtl NaEFF o —T7 a7 TV — LR THBINDLIEITHVELIN, RIZHE
DI X T UALRESE (X T L UH —B) B3> TWDHD0y, 2) Cdtl #2737
BOEDHA DRSS THIEDL T F N2 5 TNDDNEN) g2 fRR L7 T
IFRVERA. ZZT, Cdtl DWANWATREN 2R LT HHIR A A ERL L TR -5
&, Cdtl O N RIS B2 BN 2T ROV E L=, —2U%, T /BREHD
ST RENTZ2EFF LU H —F CRLI-Skp2 (2L - TGRS AR (72 /BE217°5
100) TF. 59—, Cdtl O N RIg107 I/ FREALIZHVELT-. ZOENLDO T
FERLSNIE, 1=/L D Cdtl Z o /3 E ETIHEFIZRIRAFINTOEL. FIE, 20
ALIX PCNA FE B EL THHI LN ELTZ. PCNA X2 737'E 1, 764 DNA R A



7 —E7DNA L T#hE I DNA EIEITR5 72D OHBIA LU TR 272 [H
TI D, ZD%, DNA ITHEE L THEESBEE O 272D T Y BRI RICH T 055+
FEIZH o SF T E DX 2T AN 5o TEELTZ. ZIBDE L RVEIT
1%, Q-xx-(L/V/UM)-x-x-(F/Y)-(F/Y) & \»9 PCNA f#& & B 41 ( PIP-box;PCNA
interacting protein-box) 2MF/EL 7.

Cdtl 2% PCNA IZHEA T AZEDRDIRIZVNETHALZEDR GV ELTEN, TIEED XL
IR X T UIN—EREDLLIDOTLEIIDN?2 BB DERND
Cul4-DDBI(CRL4 EFEIEIL5)7A8, Cdtl OfRIZEES-THZEMN 503> TN=D Tl
N THDHE, ST CRLE 53 PCNA FE B AL AT LT 0 MBI > TV DT EN 5300
FL72. Cdtl ORI T DI IEIT WA AT R TIT72biL T, B ATEINT
DELTZD, 7pA ks PCNA #4172 CRL4 SR2& CDK (2477 L7 CRL1-Skp2 & D2
FEFE O X F LV —EDNLIHEREL T Cdtl O fRHIENC B> T DI LA 7R
FTIEMNTEELZ. LML, D% <IC Cd2 7 CRL4 OH 7 2=v LT
(CRL4-Cdt2), Cdtl OFEFIZEADAZLHESIELZ. (Cdtl & Cdi2 1, Jix 575
FERHIZ B W THE G K - Cdel0 (2L > TIRBESNDBa L CRIESNIZH D TY)

Z®D PCNA %47z Cdtl O fiE, FEFITHE BRI AT LT (¥1). Cdtl 1
Gl HlizBWTHEBOT A 2D 72D B TT N, S WIBA IR X FE R O HH
DT=HZFOREREIT I ST iE 72 A, S WINBAET 5L PCNA NYAiR
DNA |2 —REHCTHEDETLET. 2R EFRIRFS, Cdtl 200 L CTRERAZEF
AL, ETHERIZD RS2t 0T, KT, Bldo7efiliiRix, KIGHE oG R
BEUZIB W TH RO >TVET,

4. Cdtl DFFFRIZMERELS PIP-degron DfFE

TIE, EHLTHEIOFIEDLAFIET D PCNA FE G X L /7 E O Hhpn Cdtl XIS
FIESNDOTLEIN ? W, PCNA FEE XL I EDRIERIRC RS TLED
&, EMEZR YR DB RLTE A TERLIR> TLENET . R BIE, p21 LRI
% PCNA LfEAL S BN RENDZ L BT R LIEITLT=L 25, Cdtl Rk
CRL4-CAt2 IZX -~ TS oZ e /0 ELT-. p21 b PIP-box 265, ZOHI%
BOTIERIZER T HE POCNA LOFEG PSR RSN/ ET N, IHIT
PIP-7R w7 AK0 C K37/ ERERNLHS KRR EHEFANE TS VBRI T AKX — 3B, 22
\CEBEENTDHENRSNIRLIRDTEN M0 ELT. Cdtl Tk C Kl2F BED
RRR M HENMET W 7 AL —FIELET (K52 ) . Cdtl THRAERIZ, PIP Ry
AVWZNZT3HEEH REAFEH RDBDMLETHLHIEN N EL. FIZWHANATLPCNA
fEaH L I EO PIP Ry 7 AJEi0 % i~ THbHE DNAligase (U —8) 124, 3, 4% H
DEALIZ KK OFEFINIFEL TDHZEN GV ELZA, DNA VA —Fix



4 PCNA {&#F CRL4-Cdt2

(2 & B RICREZES Cdt1  MEQRRVTDFFARRRPG

Ligase ~ MDRSIMSFFHPKKEG

Ligase (TD,P)  wORSTTDFFHPKKPE

A0 A Ligase FEheht

.
«Q
Q
[72)
D
.
«Q
Q
[72)
D
e
O
3

IfiESiuER A (K4 Ligase RS 1X, A7V A ZRBL TS S oM T
LORSIVTITHFEL TOET . (8- C, SR asnic (70 A LERGDES
EHO—AE IRV ET) . FIT, Cdtl & DNA VA —E8 T PIP AR v/ AR & AN
ZT=MDF (FATR) ZAERR LT, DRSS ERT I BEFT R TTEEL. Dk
F, PIP Ry V7 ANIZAFAET AT/ BEES TD B ETHHI L, SHIZDNA VA —F
TIX KK DWIZE EVOBRYET I BRI HY, ZO T EEMN L EMNBK L3000 &
L7z. ZLC, DNA U —EIZHBWT, TD E#il E ZIEMMET I/ R(A HDHUNE P)IT
BT HE R, DS bHIoc7aE L7 (X4, Lidase (TD, P) A2V A 38
MR CTII ARSI TND).

75T, CRLA-CAR2 \Z& o THfipa szl 547378 Cdtl X° p21 1%, PCNA f5A AL
FNIINZC, ZOBEFNNHEC TD Bl 22 1L C C RKMNZH T e R - R sk
72 %1 PIP-degron (degron; &> /X7 B\ ZAFAET 553 fi# destraction (ZBIH2 7 I/ FERAD
F) ZFFOZENGNVELTL. ZOREREL LT, it ERTO T —22HnT
PCNA & p21 @ PIP-degron D &AL D ZK i BEfm 2l < TAdL, TD HALICLHA
B ERL SR T X BEBA AN C KD TE AL MED S Z ey 30 £ (1
5). ZOXH7efEMZ CRL4 A% Cdt2 2L CiBakL TODD TIZARNDNEE Z TV E
7.



A b1 PGPPRIAPPKLACR 28
Cdtl m 1 CRRPGLTTPRAKSICLT 28
x 1 MADMSQMRVTDFF. GTAAQNSKGRKVE 28
b 140 IFSKRKP 164 CRL4-Cdt2
p2l m 135 VFCKRKP 159
(Xicl) «x ILSAKPDATK
LigaseI h 1 GKAKKPEKEASNSS 28

RFCp140 b 1 MDIRKFFGVIPSGKKLVSETVKKNEKTK 28
BLM &b #
MSH3 h 0 RQAVLSRFFQSTGSLKSTSSSTGAADQV 46

D

D29 g5 PIP-degron MEEDETIL

5. BHYIT

BIGTERMSHERFSNA720121%, DNA A IEREIC—ER T ERSEINT 5280
BEARTT. Fexld, 20RO CHEBOT A ZUK 7 Cdtl OFEREDS Ml )E
B W TR ICHIEI SN TWAZEE RWEL, KRS, S WIBIMAHE O o itk o fii
Mra1772>T&ELT-. DNA EHELHITHERE T2 CRL4-CAR2 1E, FEFLEED LI
HHEHSIUVBEREL TOD DAL S Z<HV LS. Gl T PCNA IIFET DD
2 Cdtl T fRsnEEA. EHLTPCNA Y ARICHE A3 %E, Cdtl X CRL4-Cdt2
& THIRENDIINTRDDTLIOIN ? ZONHRIL, S MOZ72HF Gl T
HIRRSERANR72E D DNA HBEEZZ T 5B b EIVET . ZONMRII T OT0HIT
1Tbnsomn? —J M s bl, Cdtl BEEREL TROTA 7V OBERDT-D
DITA B AMEBRIELIR0F T, ZORFIC /25 E Cdtl Doz L TR EL T Di%
BENGAET 2O LIVERA. FEEE, KRR OEE/LIREIFE->TOET.

M4LK51E, 2148 EE 222 0E FHEAB B H I TR 7o FERCR T, K50
I AT ARAT 1348 1 BF /N R SCBY D 1 012826 D T3 (2553 Michishita



etal. 2011) . ZOHFFEICIVN T, Cdtl X° DNA U4 —E D PIP ARy 7 AN L OVEA
DIRFIKR, SOIZHE DFATIREZ DL FARIR E 2R 92 2005 L, L7705
FARDMERR S E LTz, 2O Oks, BUE, IIKERZ 7O TUR->TEY?, K
DOWFZEIZFIASNADERF>TNVET .

BE IR
(BRI RP A MBI ZER TOM0)
Nishitani H, Shiomi Y, Iida H, Michishita M, Takami T, Tsurimoto T.
CDK inhibitor p21 is degraded by a PCNA coupled Cul4-DDB1Cdt2 pathway during S
phase and after UV irradiation. J Biol Chem. 283(43):29045-29052, 2008
Ishii T, Shiomi Y, Takami T, Murakami Y, Ohnishi N, Nishitani H.Proliferating cell nuclear
antigen-dependent rapid recruitment of Cdtl and CRL4Cdt2 at DNA-damaged sites after UV
irradiation in HeLa cells. J Biol Chem. 285 : 41993-42000, 2010
Michishita M, Morimoto A, Ishii T, Komori H, Shiomi Y, Higuchi Y, Nishitani H.
Positively charged residues located downstream of PIP box, together with TD amino acids
within PIP box, are important for CRL4(Cdt2) -mediated proteolysis.
Genes Cells. 16(1):12-22, 2011
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R/ — k2
WHE BRI AR
HEHE a3

IR~ 121 SQUID fEH FH DB F

(1) 8/ GAEAA

WA (W) 1T <D KD NI EEE~ T VT LD OEDTHY, BRI N T
HEARLOHFICH FICHOOIL WA, BdbEf T RS &L Co b E
ST, B TIH a0 R N — R EORRBEARE L CoEb T DHENH D JE
WEEDNS.

FRIEHAL L CORMERDBENIN T A AT LN AEY TS A ZADBIGIfE TR
RN IORKL T DM, N—RTARTRED B CILELEEFERER T AN DT
BY, MREEBAEOBEEACOE BTN TS, T770bh, K0/NS7emitgaz
W THEHRAEZE TERVD, LV THD.

ISR T DZOEEMHIILHAADIE, “UVEBLENIE DN LA T, Bk
KA TEMRAN NS TV 72L&, EDIOHRBIRPBIISNONITITBIR N R 215,
~ 7R RESOBEMERDPRTHEICKIL, I/ RESOBMERFFA 72 BRI TH
AN, TR RESOYEOMEERHLEITEE, BT /1FONRERONLHIEN
MBI D, = 7ahnbrzua~OBNEDVIZEWT, &1 P RITEDIIZE
LTLDDTEAI D,

FITELAIZ DL, I7a2 BRI 2RI < bITh il Tnd. “F /727
Y=L W) FEERIO TEDND T L LLRIZ, T/ A= LD A X ORI
BT DHFERSN TG, ZOVOERTIE, /7 27/ —0%EITEV->ThH RUVah
LR, RAINENEZENDDIE, 2= VXD EREMEROIIIERE A b LR
VN A= VR — L D RGP DR E 7R M E Ziim LT E T o . BT
FOEIZEHS T, v/ RESTRIIESIV TR L IAR IZ I I AE AT U ATEIAL,
WAt 1 — 71370 ¥ 2V B TR SN D HIFRITHED . SRR — D> — D03 b 7n»
b, BRI BEMEAE L D ITHRD B Z L7 b e (= Super-paramagnetism) & iy
HSh.

R AR CHURIC B 2L, BEMEIRISh - O TR I3 2L L TN D, Bk 748
BEROF M E im0 0, DO DDIRL FDOMEZ X AL 7 M@
L, 207t F 8282 CEHRF N E KL 7. MFM (Magnetic Force
Microscopy) I &, KN T RBE, ELTAR TR RLIBREE T THET
(=Superconducting Quantum Interference Device; SQUID) |Z A4/ INE mcts M D 1B B
R FHEDIRIZIY, I7aREHEMRL -1 OO T, AU NEDITIRDEE) D))
OISO 2H5.

11



(2)~AZ7m SQUID

SQUID (£ D4 DY, BIRERO &1 TN REFNH LI A R H T A 2 THY,
BIZRT IO, BREEEDY a7 G H DTS LN A8 s
PN I T U2 L TV, Dat 7 AAEZS N LFTOL D% tf-SQUID &
FECR, 2 3T D% de-SQUID L E9. ZZ Tl AT EA 15725 de—SQUID (ZFR
HHDELT, LLF, 89844 de-SQUID % SQUID EFESZEIZT 5.

SQUID MMERZRHTHAD=ALFLL FOLH72b DO THD.
HREY IO R EE R AR E LT HE, F9H5H
S CIEBRE MRG0, HDHEENER (=1) L E TR
EORRENEN, AIROBILEZEULEIRDTHRNIED D, [X2(a)
IR D EDE 1 2L TV 728, L UL ECTHIRDELE V 23
HAERTTHY, . OREZFRTFHE S DR RES L DM
BHCRESTND., SHICEER AL, L OREZE2S SQUID Vo
7% BLHHR OB CEMEAZ T 2L THD. K 2(b)iZY
V7 B LW N AN CELS =L &1, BB 1 A
EZT TR 2R T BHFOBERO I, R &1
(@) IZHKFIL THY, SQUID TIIeHDZE % Do HAL THIE T HIENTES. SN
GO — VR EH LoDl DT REZ5 T2 SQUID 1% ViR, Bb&E
IZU e 10 emu OBERFHEFFHI LM ATRETZ LG SHLTEY, ZAUIh e Fs H
B THREL L THD.

TatwIviEs
(851%&)

Birgy >y

dc-SQUIDD#EE

1 SQUID #+

2 (a) SQUID D&y I—EE V iR, Xho

60' T T A1
aof @ 1 RENZ BTN & WD O BEICELE S B B R
< 20 I | WEDOe ATV v 2aRT. L AT Y ADOFE
E o0 .
> ol I | ESFEFICEET S, (b) SQUID #fsE Y v 7
a0l | RS B & AN L 72 BB S 5 iR
0, L3 WL OB ERORINLY S B < B R
-1000  -500 0 500 1000
I [uA] TR O ZL LT Z LTS LTV 5.
400
<
= 350
©
(b)
| |
3000 10 20 30
B, [mT]
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AWFZE TR L TS SQUID 1, Vo7 A XD ~pumx~pum DA — )L &R DN
TINBRERRSITRY, Fex X E~A271 SQUID EFFA TWA. BIEM AL CW\b=4
T ERBAREREL TEST-~A 21 SQUID TiE, Vo7 AR Ix10um?, 9955 A D5y
DO OH 1 100~300nm DIEIZAIN T TEY, F/ SQUID OFEEKIZ AV->>5H5. 4
N T X e AR BT FE R DA 7 NV —7 D 1 /1% TE = FIB (=Focused Ion Beam
etching) HE & 2 fifi > T, =F 7 WHENGEEHID T HIETITo T\, ZOHFIEOF] A
i, BT 1 EEALT, 99EAOMEEa b e— L TELIETHY, HIETIHHERICED
B CEFENAZARTEXHILTHS.

~A71 SQUID #ffi~C, M/ MENERDORALZIE T HEIIIK 3D I~ A1
SQUID D ik 2~ kL, BB ELNLE R D E~A 71 SQUID (Z&-
THRHA, BARICEHT 5. WAL L TR B DM EDRE G ORI, B bOTRIIZHLBIT 573,
BERED 3 F I EBIL TS5 DT, B EZE N2~ 4271 SQUID #1256
MDD E R 2R D DB/ RA L N7 D, EZAT, @H HVHIL TS SQUID %
i S>7T-BEARF T, SQUID F 11X, B OF o LN LB ICE N TV T, B
WAL T, BIRERCTEONIZaANADBHWLN TS, ZOafIT Ty I AN
VAT f—v—EH T, BN R A ALV IZE o TEB A, SQUID #F £ T
HRs T DIREN D, 7TV I ANT VAT e — DB AT L2828, (5 541
I CEDDNRIRATEN, WANARIGIROREN EFEIZIND LT D720, K&
AVBHANBN TN TIARDEELZITT V. Zo7=, JIERKRE X SQUID #1-78
Kb TWDRENIVBRAHNAR A SN TLES TODG AN EZNLI THS.

ZHUZKL T A 271 SQUID Ti, fUNREHZ RIS 7= IR LS TEY, #Mrhalkln
DAEUAMSGEZE LV RA L NCHA D DBREY 7 OREZEZLTEY, ZOMOs kK
WSHZ 8D /A XD BEEZ T IR o TS,

Flux

SQUID Magnetic Particle

3 ~A 7 nu SQUID T L v MMkl v (Magnetic Particle) OO, BB L
THRAT LR (Flux) % SQUID IZL VT 5.
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(3) F2Br

FEEEOFEERIILL T DL 72 iiiv Tl T is.
L At~ b

Bt~ 71 SQUID #FICELE T H1FEETH L. HIERELZRD L KERFETH
LOTC, HEI TS, 7V —A%~A71 SQUID 1 fFDREH AR E LW AT IS
DEBoT-bE, FEE R IT ST T EERBEMEESC, & 5000 FOMBEROT VX
NS ATa AT =T THABEELRDD, FAEZE, 3 i XYZ A7 — VTR0 7o/t
DOHAMEv=2b L —42%&fi>TC, ~A71 SQUID EilEIO B OREEEDS, KIAE | um 75
Bum (2725300235 (K4) . el BEN -5 el Otk x BbE, ZoXH7a B2,
XX IV, A —E U T EREDAFTERRILIN D OHL LI ThDH. v f/u~v==a
ol —3aidit /77 /ay —0EBERFERO—2>THLO T, Ferbdh BV FENR
PRWINBERFRR R L TS, Bl el Tl BRI R ME il FE O AR i gz 0 2 Fgild
DOF, FEERORMT A AT VA EFARBBIE Z 2 T AT e fliofe XYZ v =2t
2L — B A DR E A D TR E, fRed THIEI LSRR B2 B 28R T
THEEHZTCNZIENWTZO LT, A E T,

4 (LE)FERBEMSEZBIE L 20 ollE~yy 28T (B) ~o > M
AREHT Mnl12 B TBA 7 7 A2 — O, RO Bk nser. <
A 7 v SQUID (3% DERED EFITHO T A EofRic s T,

II. 38~ Ry T a—T ~OEIFHF

ik~ Lz~ 271 SQUID IZ SQUID BIZHD AT S, 3 fldB s S Z-fi 2
AR 72— 12T 5. 3 Sl m8ma1E, #kle~A 27a SQUID T~V
RIS A FIINES 572D ITEBN TN T, YL ARTIT1D, ~ )L ARV YRIZSD 3 5
DAANDNGIRE (M5) . 5% DA AL D H KEIESE, 10,000 Oe, 1,000 Oe
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1,000 Oe L72>TWD., BRI, A/ VTBREHREE->THA LD TEW-ALE
DOLOT, SRS KICEMEL TR THREE —ITER L, BEWANOHLLDO THL.
IR 7 2 — 71 3 HB (8 A 2B hLCHAME S0mm I EHIEF (2 /X TMIED
NTCNT, RITEARDINCANT ARy BVZEBAFA CTELT A T AT A I EAT D
KR 72 —7"Chs.

I KR 7 —7 DOH A N
(I 57 )9 MRIESH gy
5 AKE T a—T O I EZES| XX 72 Electrical ) Vaciitim

terminal

HE, BT AL L TV LT A% /D
BIEATD. 3 #EEEE~7 Ry hOE
REDRKRENZELHY, WERDIEEA~
U DMZIET HZ LTI FEH TR D T,
IR E R TMmEMEZE (1 FEFS
BV D%, TRIRANIT Ly /U A
IND. WKV Ly 2L AR
50mm @ 100L ZA 7" Db Oz L T
B AU ARy AL, b7
KR 2 —7 QIR EFHIA~Y Y LR
42K ZFRTHN, A0=08 015>
FJLBHIL =D FEREIGD 5. HRIKA~Y
UADZFEREILIH SL RRET, Ik 2 @5 3 @EEHA KRS n—7. 3 >0l
[ R B L CRERTE D, {53 =1 { /LI By,B,Bs DEAST BRI 2 FIINT 5
ZLNTED.

Josephson
junction

Vacuum CAN Cu device holder

Iv. HIE

~A 271 SQUID OREIFFEANINTET 1 2L TR FICRAETLHEL V 25205 4
B FIED RIS\ T TS, Ziud, Sl EST RGP T, 3 [IAEDFRAESE
BR COHITIONDAZ A —R7p FIETHY, FEIZESTHHEMBLLT WL A, &t
R 2 AT L CWNE, ZEREBIE N T4 T DR O BT A HE A EL D DT, 8T
AN OZ X VRO EREMZ TRAETHELEDOXAIL T =N — P LT A —
W EEE THEAIDHA DA Z— 3 )W EE FITHE AL TWD. ZOMICER R Efie D
LB25— EEBREENMLT, ZOBICELLEBILEOEAbE G AL FIERERHD. H
TEREF DD O T, W —E T, T 2835228 2 TOEER R EROZE L)
BT L CEIBA T D03 % RABR I T 4 7 DI iEZMH L, 1 RIDORIEFFR] T
FHNS 1 BRRED DD, BUE, ZORMAZRFT 52 I 2 E Ot BIZERVMEA
TW5.
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(4) JE ]

ZZTRT OIZEBRICHIEIZ > TEON AL R C, Bl TEREREIChH DL
HVORBIRE G RS A B L 7ok 7 A 7R 3. KEZ 350x350x100um® DX 5L
Z~ A7 SQUID % FIZx L TIX6(a)DIATALEL . M6(a)D L FOH /Ly /AR
AN IS TS 2T T E, SQUID BBARE ) 7 M2 58 2 AT Tl ek
72012, B R ERENZEALL TWL(X6(b)). ENNELE B & SQUID ESET A% 0 &9
X, SQUID Vo7 % B <% Bs=Bxsin® £720, FIIIRG B T2 LT 5133 C
HD. AN, A7 SQUID UL EIZEIVT=X L XV 7 3G e DL Tk
RRIZEAE T 08, ~ A AT — BRI LD 52 R ENED T D ITHE L M(<O)Z EL A3 D R ES
DR H AN AET DI 5. ~A 271 SQUID (X 3UZkHaLC, HIBESG TR
T, IR T DiE R BRI S AI BT DD T 55912725 (X6(b)
) T CIE, HEDNDS DR EREF AT T Db A S BET 5282 LD, AR
b M OHUINBE D2k Z2 RO HZLENTES. K 6(c)NZ DI TREST-HE
{bh#RC, ISR L, BRASGLLT TO~AA T —2h R I D788 it 2 1
ETHIENTEZ. ZNVETORIE TIX, TOEDITHERMEIERR R, BoFiaidid
O BEERORE T, MBI DO TWDEWE T RILE W DR i e & O
LR AR O E Z KA TN,

(a)

0.0019F ' " T T ™) 0.8 |
s
0.0018F = 04 f '\,\
—_ ' \
— 0.0017F © ;
= 'E 0.0 .\., —
T 00016 g \ /
0.00151 = 0.4 o
hl (o}
oooral (D] Y
. . . . . 0.8 ! n
0.2 0.1 0.0 0.1 0.2 -20 10 0 10 20
B.giencia [T] B [x10°T]

6 Z L HANVBREBOMEDET. (@~ 7y hINTHBOT VANV~ A I/ nRa—T T8 b55
B (/&) &~4 71 SQUID IZxtd HELE DA (F). (b)EEFEIR Ic DIMNBELIGIC X 5 AH.
R O T (ML ORIRIRSE D BN 0 B3 E o B O RBEMERALIZ L 2 e 21k, (o) R ET D21k
Mo H B NVDFERRBEED G52 L7z 0. K 8mT (T IZE S 1B bivs.
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(5) Bt

AWFIEIL, EFDRHEHICWDEENLIED LD THDHN, FEMRMFEDILRFIEIZID
=F T R—=ZD=A70 SQUID FEFDRIFICAINTE FL-DIE, RS KT
EMEL TOBTHD. RIREBRDI T IFITIT A TWDDINE, KRB Z—28 B 4 FE5| 2 it
HBLUEZDBETHYLINDLOBETE Z IR T2, £, RKIFFRIE, £k 4 72 AL [E T
HThDH. 1ML TTIo TWAPEERITR ST AR E L, AR EE L,
AAFTRRE L, SQUID £ T ORME~DTA Y —R T 427 DIEEZEL Q22T
WOEEFEEH T 2 — OB —HE, B~ T N FEICBAL T R AL RATENW =
PR Ry — HAR RGP L B E. 72, —EICiFE 2 7o QD E Mk
JEDAE LR E#EE, RILEE -, FREFAEORILER K, FOHEBEANK, ZITHiRK,
R IO T W17 LIZIE, R T 3028 TEEHATLE. HVREHITI N
9.
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Gabriel Pristas
Slovak Academy of Sciences, Kosice, Slovakia.
2009.5-2011.4 LRSI RZEE BOIER

(FITIRBZSME N R BITFER)

TeJi JLSE R T OB AR LG DI

Dr. Gabriel Pristas performed his postdoctoral fellowship in Japan from 10™ of May
2009 till 9" of May 2011. In next, he will describe his experience with research at the
University of Hyogo.

My host researcher was Prof. T. Kohara leader of Electro-physics laboratory at the
Graduate School of Material Science, University of Hyogo, Kouto, Japan. The main
purpose of my research was study of localized-delocalized transition in samarium and
ytterbium based heavy Fermion compounds. We concentrate on ''B-NMR investigation
of the intermediate valence narrow-gap semiconductor SmBe at ambient pressure and at
high pressures and/or high magnetic fields between about 1.6 K and 250 K. I had
conducted research under supervision of Prof. T. Kohara and Associate Prof. T. Mito
and I appreciate also help of Assistant Prof. T. Koyama during stay at the University of
Hyogo.

Recently, the study of the localized-delocalized phase transition in multi-f
electron systems has been a topic of intensive study and controversy because of
many fascinating physical properties in the vicinity of the phase boundary, for
example exotic superconductivities, non-Fermi liquid behavior, and so on. The
most studied systems were compounds containing Ce ion. Ce-based compounds
are characteristic by single 4/! states for Ce*". We decided to study system with
4f > (Sm>") electronic configuration. Main purpose of our study was the
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"B-NMR investigation of the intermediate valence semiconductor SmBs at ambient
pressure as well as under high pressure and high magnetic field in temperature
range from about 1.5 K up to 200 K. The narrow gap semiconductor SmBs
belongs to the class of strongly correlated electron systems called Kondo
insulators. In these systems the interactions between localized electrons (usually 4f
electrons of rare earth elements) and conduction electrons play an important role in
opening a narrow energy gap at the Fermi level. One of the most intensively studied
Kondo insulators is SmBse. The ground state of samarium (Sm) ions is intermediate
valence state with the valence at room temperature ~ 2.6 resulting from mixture of Sm**
(4/%) and Sm** (4f°) configurations in a ratio of 0.4 to 0.6. The valence shows a tendency
to decrease with decreasing temperature (2.53 at 4.2 K). The results of XPS and X-ray
absorption experiments have shown that the valence fluctuation rate is around 10" MHz.
The temperature dependence of magnetic susceptibility of SmBs reveals a
Curie-Weiss-like dependence for temperature higher than 100 K indicative of
local-moment behaviour and Pauli-like spin susceptibility for the lowest temperatures
due to a non-magnetic configuration for 7 — 0. From characteristic transport properties
of SmBe, one can recognize several regimes of electron kinetics in different temperature
regions below room temperature. At high temperatures above ~ 70 K, the resistivity is in
order of 103-10"* U cm, whereas the resistivity increases by factor of 10* in
temperature range between 70 and 15 K. The increase of resistivity is governed by
opening of an insulating energy gap E; ~ 10 — 20 meV. Between 15 and 5 K, a second
activation energy Eq ~ 3 — 5 meV, which is associated with in-gap states, is observed.
Below 5 K, the resistivity saturates, indicating a small conducting channel within the
gap.

It is known that application of pressure affects the insulating gap of SmBes. With
increasing pressure, the gap is closed and SmBs becomes metallic at critical value of
pressure. The pressure induces a transition from nonmagnetic Sm*" state with angular
momentum J = 0 to magnetic Sm>" state with J = 5/2. Since recent studies revealed that
an insulator-metal transition is intimately connected with a long-range magnetic order a
pressure-induced nonmagnetic-magnetic transition has renewed interest of this
compound. The critical pressure P. so far reported from different experiments under
pressure was distributed over a wide range between 40 and 100 kbar. About this
problem, Derr and coworkers have carried out the transport measurement under
hydrostatic pressure and indicated the insulating state vanishes at P. = 100 kbar, where
homogeneous long range magnetic order appears.

To our knowledge there is no report on the high-pressure NMR investigation of

SmBs up to now. Therefore in order to obtain detailed information about magnetic
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properties of SmB6 under pressure, we have carried out ''B-NMR measurements under
pressure. The NMR technique under pressure is very well developed at the University of
Hyogo.

Main experimental method for studying of SmBs was the "B-NMR investigation in
temperature range from about 1.6 K to 250 K, in applied various magnetic field and at
ambient pressure as well as high pressure. Measurements of NMR under pressure are
not trivial because of many technical difficulties and also time consumptions.
Experiments above 3GPa are very limited due to very small experimental space and for
such case we need sample with very strong NMR signal. In case of SmBg the !!'B-NMR
gives very strong signal. Single crystals of SmBs have been prepared using the floating
zone melting technique. The ratio of resistivity between 4.2 K and room temperature is
higher than 10* In order to increase penetration of radio frequency signal into the
sample we crushed the single crystal sample into fine powder for NMR experiments.
B-NMR measurements have been carried out using a standard spin-echo technique
with a phase-coherent pulsed spectrometer. Nuclear spin-lattice relaxation time 77 was
measured in the temperature range from 1.6 K to 250 K. The measurements under
pressure up to 25.5 kbar were carried out in a piston-cylinder type pressure cell. As a
pressure-transmitting medium, we used Daphne oil 7373 at 16.5 kbar and
polyethylsiloxane (PES) at 25.5 kbar. The pressure was calibrated by measuring the
superconducting transition of a tin wire.

Measurements under pressure up to 25.5 kbar were carried out in a piston-cylinder
type pressure cell. We used several pressure cells and tried to achieve maximum
possible pressure for given pressure cell. Many times the pressurizing was unsuccessful
due to different technical limits. Finally we succeeded in maximum pressure of 25.5
kbar.

Experiments at higher pressure were performed using modified Bridgman pressure
cell. Usually the Bridgman pressure cell has very small experimental volume and is not
suitable for NMR experiments. In our case, we used modified Bridgman anvil cell
patented by Dr. Takeshita from National Institute of Advanced Industrial Science and
Technology, Tsukuba (Patent number US 7,487,710). Assembling of pressure cell has
been carried out at Chiba University in laboratory of Prof. Y. Kohori and Dr. H.
Fukazawa. We tried to apply pressure above 4 GPa what is impossible in case of
piston-cylinder pressure cell. We used WC as well as ceramic anvils. The advantage of
the ceramic anvils is that its well nonmagnetic character does not disturb homogeneity
of magnetic field. The NMR coil was less than 1 mm in diameter made from 0.05 mm
thin copper wire. The powder of SmBs was mixed with glycerine and put into coil. As
pressure medium we used glycerine which is liquid up to about 5 GPa.
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Experiments have been performed in glass cryostats as well as metallic cryostats.
Static magnetic field has been generated using highly homogeneous electromagnet in
case of glass cryostat and in the case of metallic cryostat was used superconducting
magnet cooled by liquid helium. All cryoliquids (liquid nitrogen, liquid helium) were
provided by Cryocentre of Hyogo University.

During my stay I took part in several conferences in Japan and one international
conference in Slovakia. I met many Japanese researchers working in issue of strongly
correlated electron systems. I discuss with experimental physicists (Prof. Kohori, Dr.
Fukazawa, Dr. Takeshita) interested in NMR and high pressure research as well as
theoretical physics (Prof. Harima, Prof. Miyake). I visited many laboratories and get lot
of experience. After my stay in Japan I will continue in cooperation with host researcher.
We will continue in the same problematic of strongly correlated electron systems. We
would like to apply also for bilateral project between Japan and Slovakia. After my
returning to Slovakia I won the competition organized by Slovak Academy of Sciences
for young post doctoral researchers and I got a position for next 4 years at the Institute
of Experimental Physics, Slovak Academy of Sciences in Kosice, Slovakia. I will work
as a researcher in new laboratory for high pressure physics. I had studied the high
pressure technique during my stay in Japan and due to that I am now ready to perform
such kind of experiments in our lab in Slovakia. In July 2011 I was awarded by award
of president of Slovak republic for young scientists. I really appreciate cooperation with
Dr. T. Mito who introduced me into high pressure experimental technique. I also
appreciate help of Assistant Prof. T. Koyama during my stay at the University of Hyogo.

Filling of glass cryostat with liquid nitrogen

(Hyogo University, Japan).
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Helium Liquefier Linde Model 1410 in cryogenic

centre of Department of Low Temperature
Physics, Slovak Academy of Sciences, Kosice,
Slovakia.

Cryostat in laboratory for high
pressure  physics. Lowest
temperature achieved with
mini  dilution refrigerator
(MINIFRIDGE) is 50 mK

Transport Dewar vessels for

liquid Helium (Slovakia).
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T. Koyama, M Abe, T Mito, K Ueda, T Kohara, H.S. Suzuki (%781 #%#%), NMR studies of
half-Heusler type compounds YbPtSb and LuPtSb, International Conference on Heavy
Electrons, September, 2010 (Tokyo).

T. Koyama, M Abe, T Mito, K Ueda, T Kohara, H.S. Suzuki (#44###%), NMR study of
half-Heusler compound YbPtSb, International Conference on Strongly Correlated Electron
Systems, June, 2010 (Santa Fe, USA).

NI F5 < PP B - - K7 3 B HDOE — - /NRZFER -SRI 2 (A )
Half-Heusler 7! RPtSb (R=Yb, Lu) & NMR, HAWH%E 2010 KRS (REA K
¥, 2010).

B IR S K BB - K 3% ELEE < /INUHE 5 « DG — < /NEE IR AR 52 CRRY
PERT) « F B K CRORIVEDT) « LR Set CRORPERT) : FEVWVEE 5% YbCo2Zngo DI
{AFME-YCo-NQR/NMR, HAWH L 2010 TR (BAKT, 2010).
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PERIF) « AR R (SR IetE )« BRSSO RWERT) : Co-NMR/NQR (2L HEH U VFE
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Y AR eNEFER 2 FEEEL TS CePtsSi D low Te #HO NMR 11, H
AP 2010 FFRFRE (BEARS, 2010).

K B BRES AL &/ NES - ERYE—/NRZFER B 1 (ROREL) -
B (AEKRE) URwSH BEALZEF O NMR/NQR LD FHRGE, A ARY Y2
2010 FRF R = (FEAKR, 2010).

FRF AR (- B St b Sl - At i (J - J 88 de i L) - 10k 15 UL+
PR St L) < /NI 75 - 1 2 3 (L7 OB e o SLmiE - O 2F (IR 1 0B St
FERE) - ZERnE (5o DM doun Ja08) « ek B (R DR Jo b S608) - 718 e
(K BE) - Pa ] 2% (5 %0 K BE) « = (KEK #2H84)F) : CeRuaAlip @ pSR, H AW
HZA2 2010 FFEFKFR S (REACKE, 2010).
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SCURKBE ) - PV (L RBESEN) :CeBs D E T "B-NMR IZXHHFSE, HA
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Gabani (Slovak Academy of Sciences), Marian Reiffers (Slovak Academy of Sciences),
Karol Flachbart (Slovak Academy of Sciences), Nao Takeshita (£ 2 fiff ) , Natalia
Shitsevalova (National Academy of Scinces of Ukraine), Pressure-Induced Suppression of
Energy Gap in the Kondo Insulator SmBs Studied by !'B-NMR, International Conference
on Heavy Electrons, September, 2010 (Tokyo).

PSS K B g B MU S - BRG— -/ NRZFER AT — IR JRH - (L
FHIE— - A. Kornilov(P.N. Lebedev Phys. Inst.)* V.M. Pudalov(P.N. Lebedev Phys. Inst.)
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I, AAMETZ 2010 Rk RS (RA R, 2010).

WY /NFEZFE K Y. Singh(TIFR)S. Ramakurishnan(TIFR): CDW #55% L {55 )3 3
179 % LusIrsSiio £ D NMR {IE, A ALY 2010 FFRFRE (BEAKE, 2010).
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study in the half-Heusler type compound YbPtSb, J. Phys. Conference. Series 273 012040
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k. Ueda, T. Koyama, T. Kohara, Nuclear magnetic resonance study of some Ce-based
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T IR e HE) , T. Koyama, H. Sakai (L1~ JJHRE Joim 26 6%) , T.U. Ito (L1~ J#%
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Evidence for Appearance of an Internal Field in the Ordered State of CeRuxAljo by 'SR, J.
Phys. Soc. Jpn., 79 053708 1-3 (2010).
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10.

A. Sumiyama, N. Ikeda, Y. Aoki, G. Motoyama, A. Yamaguchi, T. Yasuda(Px X), R.

Settai(Fx K), and Y. Onuki(P X): Josephson effect of heavy-fermion superconductors

measured in a 3-axes magnetometer, International Conference on Heavy Electrons 2010 (#

3L, 2010).

L 23 R« HORFEIL - AL 1 B - (L - 22 AR (PR R) - #B  AE(BROR) - KA

PERE(BRK) : SEREA LI E R DB Va7V U B RBIE~OIG A 1T, B A B

ZRRE(KBR, 2010).

(L - FFARFEIL - ML 2= 9« AL - (L F B - 22 [ AS(FROR) - #8457 ) AR (BROR) - K E

PRIR(PR ) : Z2 ] SCHR X PRI D72 BAREAR CePtsSi, LaPt;Si DY a7V U zh &, TR

PEDRE =B R ICRB T DR Y )V 1Bl 5e | 55 1 Rl fEIRAF 282 OB, 2010).

{32 [P - i 25 e SR M - A 1L = L 1 B - R B2 (R Q) 1L A i (- 70 i

) - ST R(R - B ) - REERE(RR) : BOVE RS8R UP DVat 7Y

SR, BB ES 66 [RIFE R Z (BT, 2011).

PP (BRI I) » 1 1B - SRR S BECOR TR) - FnF fFR R LK) « H ARIEH CGRR) - AR

BEEZ(HR) - By A w] (R R) » B B — (CRR) - 98B TR 31T D i ) *He ORI

FEINE IV, AT R (RIR, 2010).

(LI 7 B : Spin current manipulation in superfluid He3-A1 phase, H AYELF2H 66 [A14E

RKRECHTE, 2010).

FEHEN - 11 F B AR AHTRR (EERAIT) « A A48 35 (PERRAIF) X FH A W] CROR) « AU - AR 4
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