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This workshop was carried out on December 16 and 17, 1999, at JAERI, Tokai in a series of
modification material by irradiation in " the multi-core project I of the high temperature
superconducting material research" organized by Science and Technology Agency. The
following is the abstract of presentations concerning basic theories, various experimental results
and material improvement of the superconductivity by high energy ion irradiation.
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HIEH - High-pressure synthesis of high Tc superconductors
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A LTt L CORFEENTZZ L THD, M3 v =001 1o UTHERED Y
THRT % v ZOBI LTORRTH D, EHITIE eV = 0 T ZOEIMIENEL
L= BRoND, BIZEEHTIL eV =0 TRADOEY -7 285, ZOEIMIER > TEOER
RESBRDZEBRDLDND, TNOFREITIFEBHEELF UL ZESIZE 35D TH B, ZES
WHEETDIAHAD 1 DIZHIRENTVW AT, dEBEERICHAY— 7 OFEIVNEWED
EROTND, Fio, BVWEEER TOER, BEHORD VL s HBEEACHERIC L LT
WD, ZAUIRT T U U VISEE L 2o TNB Z EIZEEER LTV,

UED X5z, ZESIIEFBEERDORR Y a7 YV EBRICHIEA R Y B2 B L
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WRE SN o T, BFHBEEA Y AT A RERIIIRY 2 27 Y CHROBIZELR
EFEETHY, BEERLOIMGEEEZZ TN 5,

3. FREEME d BSEA TE b VR VERRICE T DRESEIEIR

BAREMEAS ABAREAIE A T CHBRREEAR D D A LR LT b RVEIRIC L Y, BT
IR AR T DT~ TR A VLA U B, B, A B UIEHER K ) BB 2 T8
R TEEA TP T H N RS R ORI s IBEEEIC U CBR S, IEEEA T RE
BB O OEE DTS, BRPESIEFZIEIHENDS Z BB LIRS TN D, [11] THUL,
BRREMEORMERR AT O b & | BIEEKIIRA TV ERC L o TRH{bIN D, HTD L &3
SOESTHRE SIS AV SITENICHTHIE LA 5 O THBEEERIIBMLEN2NZ L ITER
LT3, —F. BIEOEBEERBHTOERC Lo TERBESHRE R~ VT VB & SR8
(RN T v MESROERBPEEMIZATREL o TV %, T T RAIHEGRR b
FANIL RS T U OFEICESL sRBEEAICRT 2 EIR Y d BB AERTIGR L, ZOE
vt dEBIREAREORFHREEE R AV D Z L TZES ORENRBR SN TND Z & 1M
W TH D, — T dEBREED N R VBRIIEFBGEERE ORFTRBEE TR SN
2 LiREM, MAIT Lo THLMT ST D, [1] Fox iR HERIE,/ d BB,/
R TEREMEA T N RVES R E X (M4), DURIVERITIREEMEEOBMEOTAT (F).
FVAT (AF) et LT, FNEN Ir = (Grn/e)N(V, Ap), Iar = (Grn/e)(1~P?))N(V, Ayp) T
5% bb, ZIT Gey IXEREERICHT 22 F 7 B R, Apar FREBTAT (BROFHAT)
DELDLT KT v, PIIACVBETHD, N i1dEBEEEREORFTREEEIC
MR L7 BT, SRR ORBMERETATO & SBHEEORA Y VEE S & ORI S = PN OF
GRER SRITHTR RN, ZOBERE Axp ST BX vy 7HERFHER - BE
Vic LEA T 2 ATy NMCRIBHCHES = LIz ko Tlap(eV) HRE 2, BERES (TMR)
XTIV E T B R, G = dlp)dV,Gap = dlap/dV ZFVT (Gr/Gar) —1 TREN D, Bix
EROESE L EEREE ORTAE a 130, 1/4 OBRICHOVWTOTMR ZHANT, a=00D
P XIIZES IR SN, BRI s HBEEAICCUREIBVERLTVD (B5A), —7.
o= /4 DL XFEENFER TRTOAFAICK LTZES MR SN D, TORR, TMR
IBGENEN SR BE VRS E CENERL & V., Ve TABICHEDAILRD (KM5B), i
5 OFRERIZZES B TMRICFEA 2B 52D L 2R THOTH D,

4, BIRER BT FHAEEERICIIT D Josephson ZIR

B — Rk TEE TR/ HB5H (S/1DEG/S) #A R CIHRERRICHE S § BT ORELERE
E—RTER L F CEFEICBOND L EX bND, Z0D, pEDL 7% NI T Ly HOXFR
Pe% RGBT REORELBRICBN T, AREBT L RABTORL LT RT iyl
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DFFSEALICER U CZES R END, —F s, dEDL IR T vy hOSFM -
BREE T SEIRO DO TZES IR ENRY, Z0ZEEICLY., Josephson EHOBE
RO EERNREERR DN, pl. dEEDORTRT ¥ v VZE TR BEEE O
PIEZBBR 25— 2 DFERITRY 5 B, [12]

—H T, —RTETFRITMBIRIET 2V IFETH Y, EFRHEEEROSENEEIC 7320
TLDEPHONTND, HEEADD D —RTETR & L CHIK-Luttinger FAEDHEESN L
Lil#iRSng, ZOETVCIIETFOETANESRERIE L Ro TRV, BFOBEL(L J?]L
Y%, TOBRERETERY VELZRRUTREZTETD LWV OBRY LETHY ., HEE
RZELH CHEBEICHSENTE D10, EFEEEREERT-DOFHRFEL 2o
WDHe ZIZTIEZDHEEZ RN T—IRITROETFHEFEEIER S Josephson B 5 2 5 B % 5
WD

—#RIZ Josephson Bt & E SR T DL = RNV F — | IBEEEDO T RN F—F vy I
N FEFINE, 2O, —RTROEBFILFRE T Andreev K % 9 1. HRIX DBFIIE
MEDHR—~, EFRE @T~/I/ ITEmE DEF~LBELESN, —RBOFERELED, Al
BETOT— NIFE LIZEE, RETIOE— RIZERAE OR—IAVDE— NZoRRBY, ik
ROFRETH & DEBMEEFOF— RIZORN B, ZOBEND, ZORILOS 2t R TER X
BT 2 —RIERORES O2EOEH 2 HoBBREREMLL LT b3, HF LA
[ TO Andreev FIRIC X V| AR— VIR ERDOFELZERE L THILENADOT, —BEboT
EICEFIIER OBCEEONFZEICIET 5180 2o - BRI R &ML 2 3, Bkl
DEERTHD LV I IERIT, S TEREEONERICENENTVS D, HEITRY Lk
WL M —RTROBIE & LTRITIEL VW2 &2 B, [13]

X0 =B, FEICHEBREREEEN S DEBITOVWTERE TS, Z08H4. Andreev KEIIM
AEFRETFL LUTHELEIND /) —<VRHOT a2 b0, SELERIIIEEICEM 2 b0
WCRA S, LLEERRIZZNTNOT— FIZRE TERL WA 1D, BELO T a¥ R,
FRIZ, AEE OBEFICHT 580 0b 5 FAHAEREETRENS,

\I,+,T(l) (56 -+ 2d) = eio(¢)\P+’T(l) (iL‘) (2)

TIT, ) INBEEEDNAE, T BT LU VORI, SRR S & AT — R
R E R TN B,
ZDEETTRS ALEITHI &L NIV F=T IRORRICE B,

H=H,pm_zm+ Hzym Hzy = _ﬂ%ffg {2N—- 9((,0)}2 (3)

Hyon- 20, Hza 1$ZE 1 non-zero mode, zero mode DIV =7 LT Y, Josephson B
zero mode D3Rf> TV %, non-zero mode ITBF DT =V ITMLHDFREZR L TND, =T,
Nyg =Ny =N, Nyp)ldEHE Dup spin (down spin) BEF ORTEIEE T, v I3 EFRHEE
ERICL VRV IAENTZT7 =V IFETHY . MEEAPENBEIITv, = v, K, =1 L7125,
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ZDNIN =T )b Josephson BFHIRD L 9 IZRD HILD,

_ZekBT_c’)_
h Op

A OB DNAEE S & ATV D Did zero mode 7211 72T, R R EEI#E L Tzero
mode 12 X 3 b DDHEEZITI Y,

BOLNTFRERIIUTORY TH D, BEEROMHFER T V7 Ly NOBE, FEOHERIE
BEEEHE < 72 B2 o T Josephson BIUTEIR CHBI SN T ofe, —FFREN MU 7Ly b
DA, MEREREEDE X1 L 59, Josephson B OBEFMIIE(L L d o7, (K6)

TS AN ERTh D, £, BEFEMEEERORRII T =V IEEZERVIAATE
B L Josephson BIRD A — N BBV ENRER DR, RXTRT 12 v VOIIFRED bR D EHERY
ML Z OB FREMEEROMR TR EZITT. ZESOFRIZN, §DOHFE. TR0LE
M EERRTERNR SR, EFHESE LT Josephson B O A TE L TWNDH EWVWZ D,
[14]

BENEEE LT, REOEBRSEEENC X 2% FRELS | - #0 RAHOBER S 5,
BIEEX vy FITHAFER TN E VDR X— ORI OA CERIS TR TE 58, ERFHFITH
TAHTRNAF RN EVE, ZORENSERFH O RN F—REFHEITER L T 5D,
H URIC TR L F— (R A BRI E A TE 7272 5, non-zero mode bADIFHR & & 7,
BOALERE 52 DTREMEIITETE R, L LARM 5 Josephosn Bt 2 KB L T\ D DIk
zero-mode TH Y, EMERRIEL BTV IALDROFRICEEZ D ITRVWEEZBND,

logZ(p) Z=3%n ¢~ H/ksT (4)

4. £L¥

7BCP ORI EIEBEEROBREUSERATH 722, 9 4EICFHL NEREZBREL LU
¥, BaRRETO M FVHIROERC LY WBIIERAENENVA LS (18], EleVatT
Y VBRI ZES ORENBEND = L bEEOERT(16] H& 52Nz 0 BRI TE[5,6) DE
WHEDSTER SN T E T, M D ORREIL, WNZZBCP, ZES DA T EEFRZHIE L TH L
VHESBER B HTHEVWIBETH D, TOBRTI Z TR LIZACERD D WVIITMR ITEE
ThD, EZESERY—REFHBRERTEREOCHENDHRTHY, RIEHEREET
NCIb > TZES WER L EBFHEZRL WK AREZ L ol UERTELL DI,
ERBEEEN dECHHIDIE, h I AVBRITEAT KT V3w VOB BRI R LT
WEENEL L OBSIZEN TS, Z I TIEN LR o120, R by oBFREICY
(BIEYENT I I 0 N DT D) ZES OFIENEND & & BNEITOERD B LN 72V H3G
FENT BTN TN B [17,18], £ 7= RFTHBREGESICIIT DHET OHR b RRE,
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FHOER - BERMETRONZSES 5 FHEE (1] L cliFRICRBFAZRRSEL <A 7 nfic
B EBHL 213, BEORFRy—NICERL HBEEEOHBEHRIC L > TERETE S 3],

T, ABETIE., COBRBEBEEAEEROBEY a7 Y UHRIIHT 5 ERNEFHRIC
SNWTERT B, —BIC, Vak Ty R, BEEMAOY (I AL L TERBSN DR, B
WAL, EHENEE AR UHARNERE L TRbh B EBE, i, EERERORKLEL
T—RICED., ZBAECTHAIRFRIREELLTVAZ LRIMBELTWD, Z 5L T, HHREIME
EBROZAFIZ AL LT, BREEBEEK(ZEV a7 Y VERR)BTTEEY a7 Y 3R
D& 1T, BEFETHIN, VI Ad A X/ &L LY, HBRRERLERRICL 2HEIT, &
BAFRIC KT B BFIENEERCR->TL B L FHREND, EE, AVEOYL AT, abBEHADOY
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KELBAHL. Lb, BBEESRICBOTE., MR —/—_7 —D—20 b RVITHETH L
EZ OB — 7 BENREN 5T L8 Latyshey DIZ LV MEIHTWS [4],

AEBETIZ., 2 b OHELEEFEFTHEDOERNBY BN ONTHAL 2, BEV I21—v3
VERETT, UT. AFRICBOWTELNEEREKICFEITTT,

1) BAREAFC X B BFPRERB 1D, BREMIEL AV CBEEMEORFRLEICNTD
HBR TR oM, OB, ABRENEELRVRER ., MHEOKD B HEDHITXT HEMZ HF
AL LR, CofERIX, (M2 FRERE REBE0OV av 7 Y VBROF A7 17 AETRT 58
HI XX — L EHRRTH B EBNhoTe, Blb, Va7 Y UEERTIE, BIRAET LSS
A, Zhix, MHEORTHREERTIEATE, EROEHLCHEAELTWVD, )

2) —EDEXRBRNFTESN TOBERNA T ROEMR, —EBBESRPIT DN TVWEEENSAT AT
CTORBEIOHEEIT R oT, THBIX, 1) X VERARERTEY, SMERETTOY a7 Y UK
BOFAFIVALRIZERTE DD, BRPECREY 2 —va ORI, BBICHEAFERE
THhARZLRIND,
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Theory for the Josephson Plasma and the c-axis optical phonons

in High-T, Superconductors

/WNUEESE (Tomio Koyama)

tkoyama@imr.tohoku.ac.jp

REREFMEFOSEBEENRTIE, YatkTIvr ISk clit®E 7+ V2%
BINb, RFETIE, cUEFE 7+ V2B LV a w7V v 79 AOBBRKE TR
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LEHHDE— FIXZWFL 22D, ZD) b, —FEOTANF - ZFOORHEE— F2F
Vatk IV TIAREBREND, TOTTATE— Fid, BICHFEIEET 554613,
MR BT — N BICEE I T 25613, MEREERT— L2525 #nlist
D—IRDFENAZD BIFEL MG EBEDMRB L/ E— FehoTnd, 75X~
& BEHADOREN—TETH ), FREFHRIVITHEDONEREDDTH LA, MG L1
AR T AR AFNRD T I A<t LCiE, ThE TEFHRNERLIIE{fFbhT
BRI 720 BRBIREMAD & 912, 75 A HEALAMRD TERW T AV F—FIFIALE LT
A%h. 7T A7 MEA OYHEBICENEIEEL S 2 ATMEEEND B, DL ) RESNHIEE
HEBTL7-DIUT T T ATDBFBIVEL 25,

TVatk TV URRIE. 2RO N AVERTHY) AN ENTEDL, 22T, 1R
TD b Y ANVBEEFTIETVE AT, P RUVERTF YUY LD 2 KBEIOHFT, TOZRD
T+ N OBHOIANVE-REHEL, 74 DG rreenflirkns, FEEKL. &
7+ GreenfCRATELDT, BADHEHBTIOROBWFEREEZEED
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7. SRBEEURB TRBEEERZICS T3 ARBEOHE

Role of point pins in flux-line-lattice melting transition of high-T, superconductors

BRI T BMEHINMER Hott 2. 45 B

= RE R SRS RAR LA ER RIS SN, cBICTET 2 /EEE 2T A, ZOH
EVBNFN L | KBEB TRBSND Z L BBICHETLL Tn5, /2. ZOMESZE )
REIIFERHRD entanglement TH 5 [1] Z & b, FrA ORBEBEETE TRENT,

L2L, EBRTHELNS ZOROHERIL., pure ROERFHL D DX AP ICHERETH D, =

i3, REOYE CRHARBIARLRECRILLTOELOZLEZ LN T WD, FHY
B UEIRBEERER T, vortex glass LTSN A H LWHIFEET L Z L IE, S5 A
KT ¥ ¥ ¥ VA D Gingburg-Landau & 7NV OB [2) THOLNTW5S, F7RIRERSHE
B Tlid, Bragg glass t& 2 ) ERFEBEMF % #5 . Bragg peak R THNEET S [3] 2 &8
B STV,

3 RIC frustrated XY ETFNVDEFH VO I ab—Tarbwn), FexedxohicH
TE2FEM, S, JIEIrEERELINZ 27201 C, BRRICER T 2BEETFRBEBOEN
ML2ZEEHERTEL, SEOET VI, LFONINV =T CRBIND !

J
Ho= = 3 Jycos(pi—g;—Ay)— 55 D cos(wi— ;)

i,j€ab plane i,jl|c axis
A = Zz.yzdﬁk

I T (SHBEERF /T A=y ONHKGEER L, BROBRY A AHREZBS T-010&
HECERRBER GG LHET. TITIE 18TH700) OFBIREL f=1/25. BT
BEIT =512H o7 COETFTNVIIBITIMEBROFEILIT Iy v FTLIZERENLDT,
BRI T 7y FOBEEREHEpTI,; =bJ (0<b< 1) LFFOLILTEALK, 1
PAND ab HADKEEERIEJ,; = THEX2ONE (1), REETIE, b=05CEEL., p®
EzERROFBREHRET 5,

Vialb—varyiE, L, =L, =50, L =40 DRERAVTITo0 ZDH A XU pure
(p=0) DHEFETRBERLZILBRT 2IET5TH Y. pure ROBBEREIL T, = 0.3525J/ kg
ThHb, PHEAIILELY I 2 b— g VEMIE, pure 2T EBRELE CIZHEINT 525,
AR EOCRTIEELICREL RS, LL, ZOEFLVOENBEEEERDOKRMNIZTT,
T7I7AM—=2ayDOA)Fidpure REEDLL T, F/-AKMEED p=1x103~1x10"2
EPNSVHHDAPFRNLIDONNTG A= FHFHTRTH5HDT, PV INVRAEYT ) v 7LD

JDAALTYH, ROFEHLIITETH 5, BERLFERMZE1IRLT,

(1) vortex liquid—Bragg glass fHIEFRICH 1+ 2 IRE

p=0.001 TOREKRZH L LTRY, HERT, cBIAMD helicity modulus 25AE F 12
FZ7% Y., entangle LR OEIEEE b:iéﬂl] L. B SBEBM AT 2EHL, pure
REEHMICE L 1 REEEE2RT (M2), BT [3]# Y. Bragg glass H TidEETFI2
=AKFITHIE T % Bragg pattern d & C)hf\:o rﬂﬂﬁiﬁr(mfé’:ﬁ T = 0.340J kg TTTFH BT LS

pure R & DENWTH 5,
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e P e
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3: p=0.01 DRIZBIT B, vortex liquid—vortex glass TR EDOWEE DRBEKF M,
[1: cE A D helicity modulus. O : entangle L 7-HIEMOEIE, A L,

(2) vortex liquid—vortex glass tHEFRIC & 1T 2 IRE

p =001 TOFEFEREH L LTRT, HERT, cBHED helicity modulus & 75 2z
BIBE T, = 0.28J/kg IZ[A12 o TEFEHIZFIZ R )| entangle L 7-BERMDE AT vortex glass
T vortex liquid HE 1T E AL EDL ST, BBIEEDNLRICH BN L2IERZIRS AW
(E03)o vortex glass #2381} % Bragg pattern t&, HHEHERRF IAFIET 5 ring A% % 57513
T, BERBEFICHET2EEIR o kv, BLEORERIZ, Bragg glass HICIEV p = 0.003 D
BTH, BRAFEEAIHL 2B UHINIED LR\ CDBEDT T AEBIBED T, = 02857 /kp
T, ARMEBENDEERIZNE v,

(3) vortex glass—Bragg glass fHIEFR(C & (7 5 iRE

BEZEELTp 2RI ED L. cBIFHED helicity modulus DIEICHER CHIYL o 2%
fbid 7245, entangle L7cHERMBDEIE 1T vortex glass HHICA B LHZ B, 2L I DI
vortex liquid-Bragg glass IR ERETII vy, WEICE L TiE, BHEHOESIIEE
reREFEE ZHETo T bho ZHAETFIIIIET 5 Bragg pattern 25HHER TERRELT 5
R 1 ROBMBHER LTI L TV B, LR 258 THRATILEN D S,

DEokERe, TRUANORE - ARMBEEREIBICBIIAY I ab—va v EREBELL
RRMERE-REAREZR 4R L, COMROREIRIE, #BE-EEHROBIKREIZIZR I
HELDEEbRS,

AHFFEI BT 5 BEFT L., RIFEHEWNTEBMEBNIIER OFTEME Y 32— — (NEC
SX-4) FHWTITo7,
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0.005 T . T - T 1
|
|
0.004 —%—  vortex
vortex glass’ S
Vo g5 iquid
0.003 '%\KT
o
0.002<_-
Coorl Bragg glass
0.000 bt b
0.20 0.22 0.24 0.26 0.28 0.30 0.32 0.34 0.36
T [Jk]

4 BRBEEREROSRGEE-REMEN, vortex liquid-vortex glass IR & vortex
glass-Bragg glass 1R IE, FZBREIFRE CEER.
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8. ARMEEZALABSCCONKWERE: > K2 —2 - 23alb—¥a>
Vortex State of BSCCO with Random Point Defects: Computer Simulation
EHEF. IFAREZ. FHRMA", ILKRE*
(¥R) BILEIERT ZEBERTEAT. ~HEET B M RN FERT
R. Sugano, T. Onogi, K. Hirata*, and M. Tachiki*
Advanced Research Laboratory, Hitachi, Ltd., *National Institute for Metals, STA
email: sugano@harl.hitachi.co jp, onogi@harl.hitachi.co.jp, nrimarie@nrim.go.jp, tachiki@kkjj.crest.jst.go.jp

To2 ) -V rEmBRBEEA T, BREETEELZT 7V aY 7THEGKETE. SEBATYr— 3
DITARENE —REB LR T, ZORMBEBRE T, AROSHETHRE & ERORIERE I FE
WCHER T B Z EATEERAIC b RIS L T E (1),

—71. ¥ LAREN (RER) 2EA LA, T8RO Fisher-Fisher-Huse NDHERIC L 5 & | {&I54
BEABTOREERFEFIZECHEELZ [BA7SA I HICBEEED) ., 2055 A2 KERICLY
(R BR] AN E BB T D L SNB [2]e LA L. BHMESHERIZK E W BiySryCaCuy0sps (BSCCO)
WKBWTIE, BERBEEDT U ACEA SN BREE XUy —FBEEATE Y EDTHE L DI,
BRRD coiAm (TR OwsH Ex b RET S, TDD, BT o THREENAHERTFORE
EALPHA L ER CRBRCGEZ 209 MIEBTIRZV, & 0, ZARTFO? i BIEBEREIE -7
TIv T AK 3R, MREGKHEATOFY Y2 Vv VBB —REBKE L ) LOF -2 EBE (“Tx 5
127) (4] 2EBORMMBEROTEEME[5] 282 &0, L OH LWIED BSCCO 1L THRZ SN T
BY. BSCCO DHRRBE P L VERLZDDERL T ENRBENT VS,

413, BSCCO DHERMMR (g B ||c 8, T. = 85K) CHEXRBI RIZTHE» TEHWICHLMIIT S
72®. Lawrence-Doniach EF WICELEVFHNMTO - Y Ialb—Ya rd Tk ol STEFHEIL . HIKRKRIEG
ZiRo7z Ref. 6 LIZIZERETH D45, S F8F o = 104, BEE 7x 10! (HABE 16 Tesla/So) DA
RFaZ 3RTEMNZT ¥ & 2UES 7z, BLADE VLD T RVF—id, Uy(T) = Uoln[1+4 (co/v2,(T))?]
TH 272 (Uos/ks = 2500,1500,625K) . LS DY - BEFEKICH ), BROSARTFHREICHET
27597 = E. Ny — X BOFELER L OEAG S EArg, = (|ri, — 12 fao. BH%E
CHEFBROBERTENDIEN Y 4 (wandering &) Ar,, = (|ri, — (rf‘,‘f)zlz)}’/zz/ao (K1) zE%etE L
(ap: FHDHEEREE) o ZORRL LTHELSNBRAHHE—OB 2 2 1257,

l: 10000 ®
[ L)
0.5 E o Arxy Tm E
0.4 — o Arzz —
o] eo
0.3 — po oo
02 e _0O -
r %, —
0.1 :_00000000010°..;;;°° E % entangled |
T 00°° ] p vortex glass
0 tocdeoopoR® iyt iir it @ pancake
1 © 1000 - vortex gas
09 E i
08 =
0.7 ¢ £
0.6
05 F
0.4 £
03
02 F 1
0.1 & a1
P T T N R E10]o [ PO AR U P ST BT I RS P
0O 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
Temperature T [K] temperature T [K]
L Argy Areey R U O R FEIHIRE 2. AXfE%AFT S BSCCO DHAMHEE
DR (B = 200G, Uy/kg = 2500K) (YIa2b—v3 VR Uy/ks = 2500K)
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0.9  (a) . [ (b)
& 2 S|°1p§ 12 Bragg ! Entangled
~ 08 Fes 3 1 [ ;
O le S, o N [ glass i vortexglass
-2:' 0.7 [¢) <4 1
B § m
TS £
2 : o 0.8
E g &
— [ 100 ®
0.5 - 100 1000 10000 s
g : ° D g6 [
[e)] 0.4 = Uo /kB [K] .E . [
o F =
g °f 2 o4
o s 5
oM 0.2 :— ; ]
g 0.2
01 | [
o b o
0 0.5 1 1.5 2 25 25
B/Bo B/Bc

[3. (a) 77 v 7 ¥—7RE. (b) BHEBOIAY EEOHSEFE (T = 3K, Uo/kp = 625K)

a) REKRFHE

E2icBnC. BRSEOT 5y 7754 (BG) ¥-EBHSHA0MER7 7 A (VG) &, 7. 30K
FEOER TN o — @RI DFE Y=V 7 (Ty,) #RIL, ZOHIYBRMT, /7 —F i@
DHA (PG) ~EEE (T,) T5 2 BBEROMEERT. TE Y= VI Tyl BTN LTI
T Th b, $7°. RKEOE VDI RNVE = UgRBERIFES S| Tophd Ul L TURIZRHT S 2 &
FEVE L, COFE VYoV IEBIEZYVOMRETHLEER LN,
b) BB KTFME

ko, BEETH BG-VGAERTIX, B3 ICRLAZEIIC, 79y 7 - » KT BRI B, LT
muﬁ%ﬁ&%k(ﬂﬁ)%ﬁb\E@%@Tdﬁ@%%i&t%umhﬁﬁ%ﬂﬁt?6:k%%mm
Lie SOCEit. BRSAORESAY 5 AMNDERIE, 75 v 77 A0, BHREAN c#REICHE>T
#e o 72 9KEE (entangled vortex glass) [7] ~NOFEFER TH2 I L M ITRL T 5, R =31
BEBRGHTOY a7V v 7 I ATEBREICL Y, Btots Y FE-BESIFECEHR I -1 ¥
ADEEICHEI TS EHBER[B,9] ShTBY, Y Ialb—Ya VERBIEZDRRERL IV AT Y F
BB, F1. S Ial—aviciiud, EETO BOEIRE VIEDIFNF-OKRE SIS CEFL .
erzmmlﬂwlwg3m)@%%K%%:tﬁb#oto:n%wﬁ%#a\@ﬁfﬁﬁmu¥ﬁ&
B.5Avik. ROBRKFEICLE (3RTAS 2KTAD) KLy BAF/NN— - T4 U TiE% <, ROBLN
BERE 2o TR AMEFEMOMHERBRTHHI TR LTV S,
c) ENIZN—-YVUF 1

FRTRLAL . BAHARC BT 2 EHEBROMBREVEDIRIVF - U Lo TRE CER
Zo LALLAS, BIRENE X0, BE% T/U(T). Bf% B/B(T =0) CATr—NVT5L, M4D&L
3123 DOMER (BG-PG. BG-VG. VG-PG), RUFE Y=V I 4 v ZRENA, 2 Z/N—H Ik
WEIICES Z R RV L, BBATIE, 2022 XN=W) 7 41 PRETE U 2 O PAHTH 553
CDEIRAF—LFICEY, FYF A AKKEAET S BSCCO DR Z ERAY - i —BIICHR
TEAHMREEFH 5,

d) EERBOREE 2R
FADEYTFHIVOETIE, 2 O0HEBOMT, WHO Yy —F@zEORSVatLTI VYA MY
FAWER BHBELERYANTV S, &0 FHEHO cutting and reconnection AR 2% ¥ v b Ty
. BEECHE2 OBSETRLAMEICD ), Thi ) ER - SRS T, BORMIE “superentangle”
L7-REE. $ 20Ut B4 S TR T 55440 “decouple” L7REEIZH B L EX LIS [10]e H- T & KICH
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sl (B > B.) TTer < T < T, DIREFEBTIE, AADBERIERHED (pe =0) 252 2b5SPHE
OBV HFRICTES (p. > 0) &9 2HEEKRESTEET L WEEE? D 5,

B, AFREFR ] 1EEFERERMY 7 b 7 T 7R (HAREF st G Rl S2iEaiit
try—) OFCERBENT,

50
Uo Bc Tm Tdp
+ 0
2500K © O X
10 + o 625K A & +
) i + o
% + o
g ¢ © 0 cok a0
>
o A A_x 0]
1k %
*
i A
2+ &4 .
X A A
X A4
X Aa
01 | 5 - il
o X A A
005 b—u v v 08 2 "
0.01 0.1 1 10
T/Up(T)

B4, D2 =N~ 1) F 4
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9.
MEEE BifE Sk YNi,B,C ~DEA F  REZE
FIER Effect of Heavy-Ion Irradiation on Single Crystalline YNi,B,C

iR - K4 BERNT SBMRERER TR fA B EE
HECEMMERIET M B, B A, BE H#HE
RETEAPESE K@ HH, BE EE
Ta—RYF 7 =—2 Marcin Konczykowskii

omail @ o

1. XLHIT

Re-Tr-B-C(Re = rare earth elements, Tr = transition metal elements) & & & id &
FZR-TRESNE=HETHY ., EBRMILAEYOT THRLEVWBLREEREES
RIMERESENTNS, 72, Re-Tr-B-C ZfEfiE Re TR EHMETRICEERZ
Bl CRMELBRELBHETERLRY., ZhE TRERTh Tk LB
MM B CRENR Do T, #I1Z. ReNi,B,C REMEITEFEREOIERIERIC
Thoh, ZOXKEND 5ENER LREE TR ORENZ SN, BLEEHEOD
SERR DR P, IR B REENEA I 2055, ReNi,B,C BiFHIX
FICT Ty 7 RETERENATHAR, @MFTBEEICLY TSFZ Ex AV RE
BEESOEMNRTERETHL ZENAHENTLR, RBEEFGRELELTHIFET
BELERREICERA STV,

ReNi,B,C B ~DEA T IC & 3 BAESDFRITLUT OR~S 3 20 [ THRRS R
b, TOHEDO—2IE ReNLB,C EEROBIRHWREHEH~DEERTH D,
ReNi,B,C Bific oW\ Tid 2 E T/MEA PHEFEELC X Y BERRO 20 MERS
CORFTREEN S BRUE COEFRE~EEHLLTTHZLAHBALTNS,
BANE 2 b ICHEEEEN BT AR FIIHRRAAEEIToCVIRRIEKRE (B
BAFZEER) 1TSS TMBERThh, BREINTWD, MEEEEIIFEILES
CEALFEF L 720  BREEER T2 OBERMER X 5 (submitted to PRL, H.
Sakata, et al). SO HESIIREEEIMARO, BEEOBLEORFEICI IR
F 0. EEMRERIZ Kogan 22X 0iTbh T3, ZOBMEBREESERRMENR
EASNEEE, COLSRBLTIONEZERTHZLBHFEDEHO—2TH
5., T EBMR LT, ReNi,B,C BfERIIE BERBSM I —sRERTI L
REONTEY ., BRREEEATLZ L TCE—IHROBRREFELZ L, LT,
Rk A K% %A U7 Bi,Sr,CaCu,0, BfE& CRE X e By/3(BytER XM E &
D=y F U IREWHRTA LI RF R NREPRRTLIONZHERB L. ##
B2 2 ERE-OEMTHSD, &HIC. ReNi,B,C BfERITY U — 2B EE KL
LTHmOLNLTEY., FA—RTAT7 = BRI S0 L ERTFOXHE BITERIE



JAERI—Review 2000—003

BEDOaL — LY MRIZHEAREBWZDTHD L ENTWS, 5o T, BEEP o Uk
FITHAM G EEZ R LT, Yo yRREBL AR REEE LERES L A2
Do EIZADB, YNLB,C BREEOBBFIBHEIZL D L. COTIX(EHD IZHT 3
REBPBLNTRY, ZOFRRPHEER 2 7 OUHE(Krammer-Pesch Z1R)I2L 5 %
DT D & HARYMEFE R E(J Phys. Soc. Japan., 68(1999)1078)iXX3E L T\ 3,
ZHNET Krammer-Pesch ZIFRITHEBHICZOFEENTRER INTWE T CEHEY
RBIEFNT2 N, BAM R BRBREE IR BEZEALZOHAMELE T &I
LoT, BHUFOETFRENRLED L D> REELZIT, WBAIEICEDO LS B
BT DNERRDZENE=ZDEHTH 3,

R2ZULERARIZ LR BFEICEEHEL2EDTREY, RPBEBTIEHINH
ETOHERRBOBEILEE~DEEL ILES-SANLHERRICOVWTHE
35,

2. WEREHER L EBRFIE
YNi,B,C BEREIIEMERTBEEREEICLY TSFZ E2 AV THERINTE,

HERRMEOEANTIZEERA Ty PO OBREOFMEZXBRIZL Y ED. ERRIC
PIVHL, REZBLEL%, EXN200I 70 ZFBELER & LERES
ANTWS, FRRMEOEANILT TR H—128H 5 GANIL 12T 5.8GeV Dz kL
XF—DPbAFVEANTNDE, ZOTFAF—TIIRE 100370 U bnEs
ETHERRMEBEREINTEY, UTOREIZIZ200I 70 DEE%21003
7R B LR AT S, 2 b0ORBOBERAKEIIBEEEBEE
R1l4. 1KTO. ZKUNOBEREEBIEIIZRL, AEIIH—HOBVWERE
REFBETHD, £/, ThOOREBIIEA L VEBNELRECHEBEE, GBIE
EHLBARMORELFALRLEER L., B _BRABEMEITHONE— RS2 R,
IhHOEEEAV., BEEIEE SQUID (Quantum Design #-8)). HBBIES
MLHC12H(Oxford #8)iZ CTE&MHF TITV ), 3 0 GHz DOREE P REHEH & WEIC
TIT> T35,

3. HIEHR

3—1. BFREBICONT LBBEIEORRTIIERKBOF Y R LITHREDL B,
OT (B ZHBIT 5REF/BONTVDR, BEEF~A 7 0 ERERRNECIE
BHRBRa T o DEFREREDFL5IIRS H \CHATAERNMELR TS, &
NODORRNPLTEE, BREATETIMER I T DNMEIZ L > CEFRESE
BEEBDEME EHIZETEZLEITHER L, BA, a7AOBIFREBEDE
BTLY OT ORSREENELTHEbD L BRSNS, FRAMICE D =74
DEFREEELBLLTOBIET THAIN, HRRMOEEITR BB LT\ 2
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W2 EhD, BEBRaTHOMEERASENREEL VA3 bDETFHEIND, 51,
TS EEAL. BRAROBGERECEFRE~DEELHALNMILTNL F
ETH D,

3—2. ¥—7%HE YNiB,C HEFE&RIT V,Si, CeRu, BFEREIZROND X o722,
E—FERMEAEZ 5 L —BRWICR ) ETERMESE THON Y- BRETT,
¥ 7o, BEUERBEEMTIGEVEE. REBEEBE TR FRBREERTZL
NRESH TS, BB, YNiLB,C BEfESE Tk YBa,Cu,0,, BEffRICROND LD
7. B oEM, BEOCHSL & LITHERE FRENOHERS 7 AEB~ LK
KERBEANEL L TOLSEFSEEIN S, YNLB,C BREOFRILZ DHEE
DHEAERE TRV, MEBREERZHER T ECTHRIFOMBILEZ D, BXK
B FRENOEER S 7 AGEB~ BI85, BERIXRBEOEE. =770
BIEALDETFHRENDY., EENRBRIIL LIV EENRERIILE>TH
R, O RBTTAH-DICATRICHBE SN ZERRMEEEANL, BERIEIC
L VBAERA TS, By=1, 2T ATORBE/ER L, BIERIEIC X5 TFED
IR fE R TITRE R RE FRMER S I R MR B OB & BBz 7 P L, B
BT AEBRBRBRMEREAA~EC W ERBBREI s TND, £, BRERE
ErRLBEN»S R L L. By=2T AT70ORB TR 2T R T HEICBRKEL R
Ly Rg~DE = TRRELSHNTNBZERERINTNDS, B=1TR7T
ORETIHEFOEEAR SN, AHERSHEHRBRL., FERAMEMHETEY—7%
ENRFEZIZRATWS, BE, TNDOORBEHEHT L, HRRMEIZ X ZBEEEMEO
FREAEZITOoTNB L ZATH D,

3—3. HLVWEREBHEOHIR HRRMEOFEAIZLY Bi,Sr,CaCu,0,HifEMHET
BRI SN By/3 ICHET ARSI R — 78RN YNi,B,C BRESZICBWTHEND
HE S PIZEEN DD, THITEROICKRBRELZBETHY ., £7-. YNLB,C B
BOX D ICHERNRBEOEME L HICAFENOER L-EFGR~EELL, &
DeE, FHRRMEPEETSE B3 ICHETAIE—IPR/E I VoFETHENS
DINERB R B TH D, Bi,Sr,CaCu,Og, R TIIBCERBS —HTH BB I
BENBENTRVEFHLRBRERKILRNTHLRWIIT THL, BLEERR
EMES . ZOBRBIHABEL EBHNTNENE SN HECHERT I LER
bd, “OLIRBENLERBED TCVAN, REOCR., ARZRE—7RITHR
NTRLT, 4%, FHRERLZOBITEZITI,

4, WO

BA A VBRIBIIEEBGEEOBERABREBELEMEIE S5 Tidk <.,
PRI b EE S A RSB X I THEEN+ICHY ., BREAOBFRES
BEHBHEOHE L VWY BEANLFELB LED TN, |
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10. T RIVF—EA1 T VRFIC K 2B R EERO R S

Structure of Defects Induced by High-Energy Heavy lon Irradiation in High-T, Superconductor

WA, lELx MEE amEE, ugE—
HAFTF BT, KRS

1. I 2U®IZ

BALY SRR EERIERBRERIIERTEBRET)NE L, ERENEZEEINTY
LM, EiR - BEETICBTEREREEJ)DETIAMEELENTNS, Ko, BEET
Jxy MOBGEERZEONT—ISAIIBNT, FRAKETICBITS I E2EkD 10°~10°
Alem* D F—5 =15 10° Alem*D F—F —IZA LI BHREND 5., Z DD BEEERDH
BB REAEERO ML, BROEME. KHABEOHE)C, EOo R 0BEA(H
BET SR RBHICE 2 BHREOEA)ZENEASNTNS,

BABBAEIBEEAPICHRE S 2 T oY —2BAL I 25D 500D TH
NEFETH D, ZOFEZ. FHMYITRER—EFRE MO A S o HEEHART,
ABHERR EMNIICA WS Z & MEIOBEICIDHRNNE WS &, T, BEEDREHE,
IRIVF—REOBRRHEFHEEBRBRTZ LKV E 22T —0OY 1 XTIk - B -
DMERBITRETELZ L, REDHEERED,

BLRINF—EAF VR BRPCEEEOETRHELZEZ L. HERRMEERRT
%, FICRILYESEBEEFDOEE. COMBERRBIMEOY > kD HE L TEMICER
U, EREICHZVEERFETH D I OMEERT IENISNTNSA, FRDZ, &
WEEY A XOMBERRIEZEZEICHET 272D BREGEORBENKRE 25, KPFE T,
BTRHEICX S ZRIVF —f EEEdx) & AR REORKE S EOBEFEZFE,  Time
Dependent Line Source E5 )Pz & 0D R RIEERICHER I RN F—(E5EBZFHEL /-,

2. EBRF®

AEHZIE, T, =90 K @ Bi,Sr,CaCu,O(Bi-2212) Bk & 2 AV /=, B &1L, TEM Bl&nlfen /=
HETHBEZZEDERL, BELZ50nm & L7,

Au' F RRENT. RS - & 27 AIERES & AW TIT o /2. BT E(6.3 x10'° jons/cm?)
2—E LU T, BEIFIF—60, 120, 180, 240, 300 MeV L L T AUAM 4> 2 ERIT T
BHCEITICRE Lz, £ EFRIRICK S T RIVF—1E%E(-dEdx)% TRIM 31— Re%
WTEE L, S oIBHICEDEAI N HEIRR M2 56 EE TEEME(TEM : JEOL
JEM-2000F type) & F W THEEL L 7=,

3. ERERKUVOER

BNAF DI RN F— {5 B(dEdx) & FIHERRBEORE S EOBGRERARSL DI, B
MICKDBAIN/ZHHERRIED TEM B8R E21To /2. TOREE Fig. 1 1077, 2HENHR
B T RIVF—(a) 60 MeV &(b) 300 MeV THRE L 7= a-b E N TO AR RIED TEM B8kt 58 %
Y, FFERRGEOFEHERIL, 60 MeV TX 8.4nm, 300 MeV Tl 16.0 nm Z5R L7, F/=
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MR RGNS OB ESEIL. 7L 7 7 AREERL, #HRAEL EHEEEENar -
J7o & 512, TRIM J— h%ﬁm1%4#/%%lzw#—t DWTEHUEZEFIRICLS
ITXINFE—EEEE TEMBRICIDESNEZMIERRGEOEREZ E L DT Table 1 IZ/RT .
%@ﬁ%‘a?ﬁﬁ_iélzw$ BEREBOEME EHIT. AERRBOERED 8.4 nm »
516mm ICEMT 52 2 RNWELE,

Table 1 The relationship between irradiated ion energy and diameter
of columnar defect. Calculated deposited energy is also listed.

Ion energy | diameter of defect deposited cnergy
(MeV) (nm) (dE/dx)e (keV/nm)
60 84 11.6
120 9.0 19.0
180 10.5 23.8
240 12.5 26.8
300 16.0 29.0

Fig. 1 The TEM images of columnar defects produced at Au”ion
energy of (a) 60 MeV and (b) 300 MeV in HTCS’s

BIXNF—EAF . WEPTELEAEETFHEARBICED IXNVF—2%KS, EF
BRI EDER U RETFIIA A OEB L=VWEBICREI NS, £I2T. ZKRET
DS TNB TN E—DNENCRTFIEEINE 2 EICE D, T OEROBEIYE D §
HEBZ S, FOBREZTOEBNET D, FAREIEESMELTERLAERBZERT. Ko

EFREICED T RIVF—BEEIIREF, DEVHABERRENTEEINEINERD S
BEELRRTFO—DOTH 5., £/-. TRINF—HEEENKEZLBNEEFLOBTFICEESI N
BETRINF—DNREL D, FORBBRENMELU L ERTH5HEESIASRDS, ZDZ &
1. BAOEREENSHBHEDLI, 1A DIRINF—EBERENKES DI, @
WRIEDENKREL 12D ENIFEREHAT S,

FROLEIITHBERRBERIZ. ETHEREEZELERANT VPRICELEEZI SN
%, WRITBFRICE ZONEITRIIVF 055 S NZEEATHREICR I VT —ICE
BXNBDENSBEERETINTH-=0, —FH, ZOETIVIEIETFRNSBFRENDIRIVF
—EEOEMBEZ2ZEL TWRNDT, TXRTOMBHICHEAT S Z EIEARETH > 72,
BIZEEBEDOBEE. IOEFINED ERXRINEEORENMZEET 2 LRENEND T
ETLEWN, EBRERE—FLRWN,

FITINSDEE D EIT. HIESFBINA 7 ETIVIIRD B FEIRDA 4 U FEREIC
¥ P ] B2 72 87 F 7)) Time Dependent Line Source(TDLS) BT )P ERE L 2. L T. 2D TDLS
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—HBYEEBREEERT. Fr U TENEBEN S ANTIEEIC DR FEEERDOLII D
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RGO EZ ZDETINED IR L.
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T TKIFBYRER, DIIBEEREEERL., w KUOdEAX 13, EFHEFHEAERICD
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11. RE-Ba-Cu-ODEHRIBEHZ L 5 ¥ v ko om

Improvement of Pinning Properties by Radiation in RE-Ba-Cu-O Superconductors

FBEE T eI =5 d
AT, H EHEA

Superconductivity Research Laboratory, Division III
Noriko Chikumoto, Masato Murakami

BEENLVIHEOERAL B L -BERERBEELMDO O, BALRFECLZE Y EDFLDE
ADITbNTnD, 20O—2k LT, KRB 2 FVwC, BEEANICRIHAE BRI S, Az
EDHLE LTRSS HERH 5, TORETIE, (1) REMERGER L BV ICHWAZ LS TE L
O, MEHZ L BRI, (2) BE&EH (BHE, mavy— BiE) 28R 35280k, €
JIEDFLOFAX IR - SEEERZICAV PO VT A EDPMETHAEZDOF G2 DI b,
EEHZEDTWE, 2HTH, BEIMFBIVUBIANVEF-ES + OB TIE. fiZ BV TIZERRD
B A — FRIG, BETIERRMGE ., BIRZZRE 555, KigH 4 X vkl e LCHEERZ:, 8
BEIC-—LVUARLABREOKRE S (~10 nm) THEHI Db, MOEVIEDAPELNE Z & H R
ENb, BFERIZBVTIE, NV ZEAMAFE SN TWARE-Ba-CuORBEERKIIOWT, BEPIETFDH
BVIEEIANVT-EA F VR EITV. EVIEDREON EEIEP o 72O TEORFRICOVWTHRET %,

M 1i2Y1238 L USm1230FREEFAE (1 cmAX1mmE) 2o ToHREFREE (Rit7v—x
YR 121X10" m®) OWERBEEAFHERT BEIIE S 5 b RAIRMS B, ,../30.12 TTH o 7255,
HEgH21E Y123 1 B,,,,=0.52 TTH A DI L. Sm1231d B, =1.45 T& Z DM EFRITIE 3 FHE  DEA
HbNTze Fro. B2 @)ICY1238 & UNSm,Gd)1 230 EREERAE (M3mmfl) (CoWToREHI% (B
TW—L YR 4X10" m®) OJ-BEFEHEOEIL, (b) 120.25TICBI B EOREKRFHEICOVTRTI, YL
B L C(Sm.GA) 123012 3 BV ESIRATE ST VWD = LA b2 B, & ILTE N O RTERS
(H,,) YLD (SmGd)123DIFHKEVLDEER LN,
(2) BIxNX-—E1 o Bt

BIANVF—EAF VHE (6GeV Pb-ion) FRHEBIETO77KTOHAL A7 ¥ AMBOELEK 3
RS, BEBE A7) VRIE (ccf) W2 HBEMALL, 72, DENCOME LA L) I, EBRST
Fiiep ¥ — 7 BEPBE I, COE—-ZEHUIRT I, BllVWbWwas<yF 7 (By) O
1/3DBHTEICBWTALNE Z L HL N 2oz,

AEFZEDO—ERIL, BEESHREBRIMHEEOMIE L LTH AN F— - BERMESHERE (NE
DO) DEHZRFIITEREN- DT, PHTFEEIZOVWTIE H. W. Weber K5 Atminstitut der
Osterreichischen Universititen DA >)N—, BEN, ERTFEBOFHEFZRK, B 5 VBEHIOWTIL,

Ecole Polytechnique @ M. Konczykowski, C .J.van der Beek D& K& DEFHETH 5,
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12.
AR K,Cyo DFEFHRAT AZNE:
FEHE The effect of ambient gas on K;Cy,
Fig - K4 THERE A/LE BEE—
Graduate School of Science and Technology,Chiba University
G.Ishikawa, Y.Ochiai
e-mail gen.13@xtal.tf.chiba-u.acjp
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3. BRBEEERILTYIRADETFKEESAFIIR
Electronic States and Dynamics of Vortices in High-temperature Superconductors

B’K - - #eaxie: #iHA =REA
Department of Basic Science, Atsutaka MAEDA

1. FUBIT

BEERICHEEE TR DbNIMRETOMWSE (KT v 7 X) OYE, H
R &2V, HiC, BRBREAIETFHBOEERECEATHY, *OBREL, &
FBELBY O BCS BRATHREBRTERY, 0L ) RBEEFRIBITIRNT v 7 XD
YEIIRMOMEEZREL TS I LITHEETH D,

R P OEE DI & EA&%(m%?wﬁhﬁk%)w?@kﬁ@m@m@
%ﬁ&ékmbhk%ﬁ%ﬁﬁ%f#%,i@k%ﬁ@@ﬁ% RV EATE, TLT,
K BEEDOER LRV S-OHBEDON, RBREOFETHHLRNVT v 7 A% (a7) H
DEFREBIVQENT v REBHZETHRE L L XOEB(F AT I/ R)TH 5,

ARERAEA T, BEEREREE s WA TRVWOT, HERBRER L TR,
R FII o7 LB MR ZAETHEET S, —F, BREBREFDL I RE=L —
LY AEOHMETHE, WhOABFERAERLTCWAHEEbERIATVWD, Z8b
DERIZLY, BIEBGEEORLVT v I R a7 OEFREIZE, H428 UAE?S
BLEHBESNTWD, £, TOXIRENVT v 7 APEET 8K, RMOBETH D,
EE, SEBEEATHE, REEBGEAD XOFESBANLVT v/ ZOEESMIRH SN
2o B, LD LI, ThET (HEHR LT, IERN R —REESH
RVT v 7 RO, THIRK WBREAASTHD LV, ERREREFD,

—F, BAT v 7 RIBFEMOLZEBPMONTVER, ThHLERE LzE DRV
S 7 RETIEBT BEFIRE D LS5 R bOTHEME, EDTRER, HEFEOM
L LT, ATy 7 2EOMEER ORI, BREE, Zv 52 riEdFie
DOHEER ST ICEHRETH D, Fil, BLUOMEIEREERPACVEE
BOXAFI 7 AHBEEL, &biZid, BEMOBBEOMBE~LORMRE, #oT, &
NF oI ADEAFT I A%, WBZORSEFNPOEELRMEEZH ->TND,

AEETIE, “hOOMBEIIOWT, YHRECI ZHFEED TEXLHEDRDN D,
I —EOERIZOWT, BET B,

2. RAWEIZE TS YBCO 0BEHRA v E—& V AAIE
(FEALKFE B BRI/ MR E 7V — 7 & D L RIBIZE)
THET, Fxld, BSCCO IZBWT, BRETFRMERIZL LR, REVT7HY
ZADBREFBEL, TOERELT, BOX0PE, LI, BIBRTFRMEILLRD
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ERSMENROTREMPRE L, $FTH2LT5E, Br RO LS 12, BEBE
WRTI, BEh L MENERE RIS THE - LRARES N LItk Y, KEEER
A= VR BATNG S LILRB, 0BRSS, SNITCIEENRLOPRES D,
BEFMOKE L B2 5 YBCO R CREDER YT o7,

YBCO 1=81F 3581, vortex DF A4 F 3 7 ROTHTHEM L BEMTE, 2=
Lhab, EEMD R vortex DRHMERE R FHET B = & ASSER, THIZESE, YBCO
DENF v 7 227 - ONEILEEIER & BFEROEEERECSH2 L5 2 L Rlbhoi,
BOFEHRET B &, TOMEE, EKETYH, Bardeen-Stephen DEL Y 1 HRRE/NEZ W EWN
SIERNPBLNTVS. —F BSCCO ROMHMAIIZE LTI, RO FRAES
WRBIT ay RVBAEDEREND D=0, LV RENZBREEEEDTF —F BRLET
BHY, BERBHE - BFSETRTHS.

3. BSCCO kBT AEmEE L RfiRmA v V' —F 20 [FkE) JIE

(BT RFRARES— 7 NV—7 & OHEFEHZ)
BSCCO ZDRAWHEDRFA v =&V RPEITB N THLABEE LIZ/NF A —F —
HEIL, BESV VRN REOIIN—TRHRE LT IRCEEOREDORZ BIRE —
BesgptEE N — LT3, LML, ZhETOEHRL ORIKA =X U RBIETIE, &
DEZAH, METHREHDVITEEZIE, FIEFIIRRILTWRW., 22T, EAF
RAFFTEE I N—7 L DIFEFET, A—RBE OSBRI EEE & BEEE O LR
EBIT o, TOBBRACEORERMEBRLAZT LI LT, BEMTH 5.

4. BSCCO iz31F % washboard / 1 XOEH|

INET, F4lL, A—NTo—T CRABLOBERZL E2MOTCHE L, BEES
ET, MEBEBIEHTIH T, RER/AXDPEND T LERHR L. REE,
ZD) A XDEIFEEALNCT B, BB EEZOF—NVEFEERL, SFHHTT
D) AXDkE, ZEFHEBOHE (7L —0FMKREEEZED) 2E2Tok. FhbD
FERIL, T — RV R A ARKRERFERTIINVDWE S FRFy 7 7a—RNEE LT
Wb ZEZHABEITR LTS,

BT, EMEE FEERLIHE AECHLRIIL, REEREATIILDT, W
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ERL X & EERL SHEOLEBICER Y A TWS.
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14.
SEEH - Nd;3:Ce)5Cu0, DEEERTTE

I H : Superconducting Anisotropy in Nd; s5Ce;15CuOy

ARERM. WARRE. BHE—

KSR FLFREFHETER

Takekazu ISHIDA, Nariaki YAMAMOTO, and Kiichi OKUDA
Department of Physics and Electronics, Osaka Prefecture University, Sakai,
Osaka 599-8531, Japan

BESHREZ. WBEMS

KR FALFEMTFRT

Kenji KURAHASHI and Kazuyoshi YAMADA

Institute for Chemical Research, Kyoto University, Uji, Kyoto 611, Japan

SEHEE (Abstract) :

Nd; g5Ceo 15CuOy HFEGRD c MR FMEE Lo TR, ZORTIE, N A AU BRRE 2
MEE— A2 NEEo, N3 ORHEITIR S CEAPB{LEZ#MTH 5, €-o T, BEERE
Lz Y, FOREBREETE R, JOROBEERED b7 IX NI A A HEED
BEMEIZ L B sin20 BRSY. BERFMIZES by, KENE = 7B RT 2 0 ~ 90° G
D IVIISETE D,

[Z L &HIZ INTRODUCTION)

EEBLEALEZIL. BFEEIRKERF—TU—FTHA D, YBayCusO7 2]
R BiySryCaCuyOg 72 ¥ SRRl R — L RBERERIZ OV TIL, EHFMEICET
AR NS HEMICED BT WS, Nd;ssCep15Cu0y IFEFRBLERXRTH
%, FOBRFEOHIIIR—NZBEER L ESTREISNTWD, BEOR
FET EDOBEN, JFRMEILE D 2o TWVEM, 72 8L < OENRKZ>TWD,
SEEFSY T B EE TIT R VEBEN & DR TEE L TV D RIS TER S
NTWA[), £, RIFRTERKEFRTHD I L0 0, ol DO RITHE
ITARWVETCH B, o T, BENFMEICER TS THA > mNEFT DI
NRIFEMEDOEERLITZD 2 EITEBRE LY, it 4 1L Nd; g5Cep15CuOy
O cEEFHEOFRICEF LD TRERET D,
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FILD3EE (APPARATUS)

BISEHEIC L HEHE (6T) TT M2 28T 5
DI MV EBORBZIToTWS (K1), KRS
TREHER TS MV 2713, FERICE N R
VI RRHEBE THIE NV TRy B ER D, R
JHRHEEEIL, X T o S e —4 — CEEERE L T
Wo, Z3UZED, Nv T T v aDE8T 0, H
EAEELLTIE, 36 0EFLERFY U NHERETHS,

HEBEEREIZ, HIVU A= LORFIZEFHN
THERSIToTWS, Bl hL2id, 74 —RaA
VETEEEAICE D FRELYOEE L, BEAEL L
T, BEEA OIRBEIE D REBRE ~DEENRH 5,
XMWE LT, SFE, AERERERIA (7T000G) &4
BRI 2 A VFRA~DEEE 1T - 77,

MR T, FEBEHEDCRR S/~ T2EIZ PLd
V=LKL, 27U v MNBGEE 7Ry MRS Lo RV S
U=V REELE, BRI, L L BnE~ S
F v FORICEIK N FEENLBABE~ONNEIT-oTWVWE EZATHB,

ML DRIEIZEEZ BT 558 LD+ 2FENIT, 15T, nnc(8) 11
BEZEMTIHFETRELE MY THY .| 14..(0) IZBEERBDT 2 FAT
BIELZ MY THD, PTICERAT Y UANHBEEIT

Trev(0) = (Tine(0) + Taec(0)) /2 (1)
Tier (0) = (Taec(8) — Tinc(0))/2 (2)

THYE DVT Treys RATHE VT 1y, ZFHET D,

HEE L ZE (RESULTS AND DISCUSSION)

X 2 |2 BT RBRER Ny 35Ce0.15CuOs O ML BiiR %R, BIEBIEE A
DEK[ NI ELTE—RLTEBO TCREERE TH D, 2ERZAER IR -
75)0 f:ﬂ%fc\‘\%éo
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M2 ORES M B SR L TH X AR LA LB
9. 9. NB+A A DHEKES g €T & N :Go016GuO i
PEIT & 5 F I £ ;_“

T = %Axfﬂ sin 20 (3) %—1 301080£G
Thb, aBBBILESBTHY,

REEIRLERESEL RPN D
5, H = 30000 GIZxfLTAy = £
Yo— Xe = 5.3x107%emu/g THD, %
= OB SQUID CEEHIE L - 5f
AY = Ya—Xc = 1.63x 107 - 1.02 x 0 ( ogrees )
107t =6.0x 10" %emu/g & B\ —% §5§E§EE? P
ZRLTWS, N&t oF— A b é o : :
DRE ZTHFWEL Curie-Weiss Bl ~ | ooy ¥ Lock-in
CEBTIIE 36 b REREE R L et Potential 3

60 70 80 g 100 110 120

5o :j/wj:\ @gﬁfﬁ362y,3 & El{ N— § ( degrees )
xR LTWD,
Kogan [3]1Z & 2 £58) London & 2: Nd g5Ceq.15Cu04 D HIL7 i

Fs L

GoHV v? — 15sin 20 {,) 77HC2
16TA% L3 €(0)

} (4)

Ty =

TT7 4y NLEORHEDERTH B, 22 Te(d) = (sin? 04+~2cos? )2, 01X
BEB & cBIDRTAE, v, = Jme/ma. H 13 ab B ZEE S F O _-HERFBS
(n~ 1o VIRV TAHEETH D, Z DL YBagCuzOr X° BiySroyCaCuyOg 72
CMFI R ERBGEROBR M R LCERT LI RN TN D,

Mon2BBEMNK(3) 2EZRENLELSI W LD THD, MIEFITA
BET70° 5 10 IERESNTWD Z EBD0 D, ZOZ &id, ERBEFMEED
BAMEEERTNTHETE D,

H;

(cos? § 4 2 sin® §)1/2

Hc2(€) =

—_
(&2 ¢
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(CBWT, §=90° DEPAIERISE LV LIEWEAICHEY T3, 554, 90°
POREND ERPT M OB ENRET S EEBITERREICSHE L, &6k
20, 7 =50RELZGDTH S, L, y=20RETCIEENT 1v M
TERL, |
K2 T, 90° DI IAFETIL, RKERBEK M7 nBREONE, Zhid. &F
ME=VJICERT 200 ThDE, BEE, ZOEBTOL R ZERFY R
ﬁ%%hé LxL, BxOHBLBRY, ZOAEEBICHRICERACTXS MLy
mId72V, ROTEROERIIMER L REMES R 2B EE %2 E L T Kogan
~T%%%ﬁ%74y%bt%@f%é FERC VIED B ENRE & EE
i) CENDBEELEL L -biTTh 5,

HH YIZ (CONCLUDING REMARKS)

B REIEARTH D Nd; g5Ceq15CuOy DEER M7 OBRIEZEFT 77, kL
J MR BE DS CEET 2R E2 T o7, @ER T4y hTX 3
LORHEBOERADNLEEND, SEEL,. MR M DBEICER 282 LT,
SRIT. COXREHC =V IRERNTEDRERBRFEEBEONEH LT3
ZEEREELTWS,

& 30 Hk
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15. Sm-123 /N )V 7 RBAREAR O AT i 55 1

[rreversible Characteristics of Bulk Sm-123 Superconductor

INEERHEE L, R T R 2
Edmund S. Otabe! and Teruo Matsushital:?
LAMNITEAFBRLEHLEFHFRIER

820-8502 #F K T JIl # 6804
M KEARFER VAT LERBFELH

812-8581 1 ] 7 5 [X #8 I 6-10-1
otabe@cse.kyutech.ac. jp

iU &®IC

REBERFS P CHARMEICE ) EH S N7 Sm-Ba-Cu-O(Sm-123) Bz B4 L 7
EENBBLIFUKTEH LA Y-Ba-Cu-O(Y-123) £ ) b & . FLBMABREE O
RKHEHIEIEC— 7 B2 RTIENFS L, REHY-123 L0 D EBAFERLTVIE Y,
3 Tkuta & 3 ARMECAS N/ EZ 3B mm D3V 7 Sm-123 BIzEAREZ AW T, 25K
TOOTOWES FIF vy 7T 5T LIS LAY, LAdo TSm-123 1348 Y-123 12
HWho THAIND I EFERHENTVE, FITSm-123BEEROAR T HFNE %
HETL2Z L3, EALEECEETH %,

ST CBL-RRBEZOATHFIHFAELCEPTOE Y - RF Iy VIR ) —
77U EFNVICLDBEBEENRTERLIY, RFETESm-123 5V 7 BREFRDR
POy BF vy v VEBR-BEEHEBEICOVWTSQUIDIZ L 2 ERHR LY FFE
WA fFo70e FLTCFOBREEZMEZ V-7 7JU—FTF VI 2BEHIAEBERLL
B L7,

e 3

FRITSm 123NV s BIZEEKTH ), BEBRZEERR CERMEICLVERS
7o HAABBE TR T D123 L 21L-HORIZI1ITH I, FINEH DI Ag
#0 wth A THh b, BB KRELRTL AP 5 1.09mm x 2.0l mm X 2.56 mm D
REZWERLYE. cHMEIRABOEFTHMIZERML T 5, BHR oA O E T i
BHELVFMINTEREEIZMUOKTHo 720 TTOHEITE IR SQUID #E ALl 2
EBEFHVTCHE L. BERIE cBIZTFATICEML 72

BRE U

Figure 113 & T €2 MEC BV THESLALBLO AT ¥ A 65 M L 72
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BBEZV-T7HEVE L E0RENZERERTE Jo Lo TRT I EHNT
X2, TR DHMAERVCEBERESEZERT NI A-FIEHBER S V- THPREET
RWERBEBREIIBITAERE,LORD . Lo TIOEKRTIE, HEmFTEIL J.
DY HRINVVBEVEABERTCOAENTHLLEEZONL, LPLEDFL,
CTRHEEN-ETOEBICBYTU LER-BEFEZHET LI LIZT 5,
FNEFNOBZHEDORE BRI Figs. 3,4DEHBIC Lo TRINT W &,
[@@Lﬁﬁﬁwm*wii&m%mﬁﬁ#%ufn%b%%T<Bw@@ﬁ#
SEMLTWE, TR EIRENEFNIOBRTRERERBFITORNE LS T
W2, L2z o T, COHEBIEFTI3IKTEBOSTUTTCAEHTHLEELOLNL, Z
OEBTRBENENZU GBREREES AL, FLTFHEELYSET AV, —
. BH-EEBBEEIOEBTRIV—HERL TS, INL OERBFEETE
BLBEAEN—HTIEREE, BRAERICIoTHRIA—F R RELILEVIIRE L
—HF L Twab,

JOY— 7B ERENEDTTOT. DEVEBRBETORREN 2 EH T & L F—
HEARIZIZ D LEZONTVS, COBBMICL ALY VY2V JIERFATE
G BENET LD DY, T OBIZEEDS| R & BfET AV F—
MEERIL, BHAFTRoTVWEEELZ LN, Figued THER-BEEFEYTS
BMAICBVWTHZ  EBIFIBI—HLTWAIEPELONE, COFRELBDIE
ErXBETLEEZOND,

E )

KIFETIE. Sm-123 1NV 2 BIZEEOE» T DY Y - RF vy Uy Ve B -BER
HEATEML, FOREAMEZV—T - JTU—FEFNVIZL2ERBBERLEBRL L, Y
SA— Y IHHERERFENE -7 2 BORA LV O TOBRRATHREL DT, EBRIE
PHBERERRIIBVWTLIVW—K% L, L2 LA2SL, E- I BEMETE—
HiERONZWVWLIOD, BRAICBVWIER-EEFEFIV—BEZRT I &b,
P BRIV DBVEIATHRBALCALCLE V=V I BEIBHVTWDE EERD
N5,

A &
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16. BRBREOHLOER
YRAWET  PERE, EREET. MEAZ. Do PhucHai HE—A

1. ﬁ%ﬁBile‘zCaCuz()smmﬁm?ﬁﬁﬁ@ ﬁgﬁﬁﬁ (gﬁ)

Bi,Sr,CaCu,Qgssi Shalt (7. =89.6K) ZEN, BREREEICED. BR
W FRAREESRE B, ORBEMAE (5 DEEe) kFEE. BRE. B
BOME, 9 ORKELTRELE, BERTRAES ( VLIMT ) KERT %
EHOBNETY. BEFIMADHE & HTFRBEEIEV TR, bEIZED £ T.
STORELE-RETENEN:., SEKC. BbEABEOMEZFEL <H
BEBHZETRAMNTA—F v EREER vy =230 BETHO .

Hu(8) & XTA—F y EAVZDILEERAHZDOGCLRA Y — 1) T IIE
BT, AR Hysin 6 (=Hyp) ~OBEREFEERLUE, B1E. &
HERR S Hy cos 0 ( = Hilc ) DHENKDH, KFEHET, W<ONORIZ TR
ETORETHD, Hicldo < Hy < H* 0BT H, [ZHEURPHICH
ST B, i, SifiKosheleviZ & U HEIB & 7= AbrikosovBE HURET & Josephson
RERFOHREEIZERHKELL
Hag(1] CR<&D. £l KHF
EOHEEH—HTD[2]e Ha 250

> H*, Tk, FEOH/c & Hy Corbino disk Bi-2212 j zzzi
ORFERITIEDND, TOR . o 650K
gt jor- 6| <3 (H g " ek ]
16 =87° M5 88° DEBEICH T .....,,, G g T g
) TEONZHFLUWHETHD, § 150&%0 N g e @ B
RERTHEBSHOFLORE 8 b, “®a 4 ooe. g0
CBELECEERLTOUESD T | Thepepme®e
LEA5ND, MRBTREEY - /
RABOENR S H, SRS TR | H

REBERE Ty (K) ORREET 50 T oo0 2000 B000 4000
HIiIH-T EIICHEST 2, i H,, sin 8 {Oe)

0. H* XD ERBERTIX 3D
REEEETHD., H & D &R
B8 TIE ¥ 2D MREEME (F
S AREE) THBREZBALLND,

1 Hy DcBEHFIRKS Hy cos 8 DEMNS
Hy sin 8 ~DEEHE
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2. VabIVIiBEREO TS XIHE (M)

Bik##iE % b D HIEE REAR-221217 5
BB EENT 3 & HEOFMICE > TH
RAWRKDOBRNHEIND . BERIT. B
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KEXBCEEBEICEBE RN r—FRERE
BREBICETRYat7) JHBERMN K
BREEIROBEER T L DT ablI AW
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BETHENEREINTND Z LHMRD, T 2 THER20GHzZ AN IE DR
. SOl . ERKA4GH TRIE LR E RGBS THBD. 75X
?ﬁﬁ&@%MﬁwﬁB&V49Dﬂ®ﬁﬁ&&@@ﬁ@%ﬁ6@@%%m;
D. T~ RRBESTFENZLOLEEEIND, TOLDILE— RO
B BEECHLTSMERERDLEIETIARKRBORIENG, KT
—RENSDERE L TRERNEEEEDND, LR E WE O BEREFHE
WS, CNEDDOE—RIE. BEHETIXRETa TV I BTOERS
- ROEEDET D, BEME— RIZYEET — B(optical mode). EEME— K
I3 EEE — K (acoustic mode)lHIBL T D EIITRA B,

7 BREEBEEL. XBOAEKEEERET D L. 20K S 72ER
BB, BB EHEAEN SET TN & BRAEERMOKRE— RIHE
WITESNTNE, RN T4E@y 71 VAN EIRS & A MO3ENR
LEBAERERTLOICRBIDTH DN, FOBKIRDIFENIIERRLTSHD,
S a7y UBEREN S TERFREN LEGMICBITL TR I N0

MAD,
3. Ferromagnetic superconductor RuSr,GdCu,0s (Do Phuc Hai)
In 2 hybrid rutheno - cuprate RuSr;GdCu,0s

(Ru1212) compound, it has been reported that
superconductivity occurs at 7, ~0-45 K even

[y
o

{\ RuSr,GdCu,0, |

though ferromagnetism sets in at a higher
temperature Teuge ~136 K. The ferromagnetism

does not destroy the superconductivity in this
system but accumulating data shows even a
surprising fact that it is coexisting with
superconductivity. According to the conventional
wisdom, the interaction between the two order
parameters must expel each other and it has also 0 S0 100 150 200 250 300
been supported by the experimental facts in the Temperature (K)

past. In RuSr,GdCu,Q;, experimental studies
such as static magnetization and muon spin
rotation (1 SR) strongly suggest that the two
ordered states coexist on a truly microscopic scale. It is believed that the ferromagnetism
is due to the RuQ; layers, while the superconductivity is due to CuO; layers.

Resistivity p (mf.cm)

[T ST S N VO N T -
LA B B B S NS S B S B S e T

Fig 1. Temperature dependence

of resistivity
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Here, we present our recent study of synthetic
processes of single phase Rul212 samples and
experimental results such as resistivity, static
susceptibility magnetization measurements.

RuSr,GdCu,0s  (Rul212) were
synthesized by solid-state of
stoichiometric powders of RuQ,, SrC0s, Gd,03
and CuQ. Raw materials were first reacted at
960°C in air for 24 bhours. The sample was
annealed in air at 1050°C, then at 1060°C for
periods of 24 hours. After that the sample was
annealed in flowing oxygen at 1065°C for a long

samples
reaction

time. All samples were reground and repressed
into pellers several times in order to improve the
homogeneity. The X- ray powder diffraction was
taken by RIGAKU RINT-2500 X-ray
diffractometer step by step at each stage of
annealing and the phase formation process was
checked. Resistivity was measured by standard
dc four-probe method. Magnetic measurements
were performed from 2K to 300K up to 5T by a
SQUID magnetometer (Quantum Design).

Using the Rietveld analysis an excellent fit
was obtained to the expected tetragonal,
P4/mmm symmetry structural model with the c/a
axis ratio of 3.013 (a = 3.8397(1)A and c=
11.5701(3) A). The impurity level of the sample
is estimated to be less than one percent.
Although X-ray measurement is indistinguishable,
superconducting transition temperature 7. varies
widely as the sample is annealed the longer times
at 1065 °C . It is speculated that this is perhaps
due to the ordering of oxygen as well as the

ordering of Ru and Cu.
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0.02 -

ceptibility 3,
g

Yolume sus
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[ 33
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Figure 2 shows 2 typical magnetic susceptibility curve, which has a small peak in zero
field cooled curve around Tewe = 136 K due to
ferromagnetic order and shows diamagnetic
signal below 16 K down to 2 K due to
superconductivity. At higher temperatures well | -
above Tew, the inverse susceptibility obtained | 7 ]
for different external fields (H.x = 0.5 to 5 T) can
be described well by the two components X =
Ceo/(T-60) +Cgy/T.as shown in fig.3. With best
fitting the values of two magnetic moment (L gy=
1.6upand fee=7us were obtained.

Magnetization curves up to 5 T have also L
been measured, which are shown in Fig. 4. From H,, (0¢)

8 FRuSr,GdCu 0, (E)

p:rf (pB)

ana
Y
.....

3x10° 4x10' 5x10°

2x10*

the data, saturation magnetic moment is achieved
at 2 Kand ST a8 foi ~84us A slightly
higher value of 8.7 4 5 i confirmed by high field

Fig.4. Saturation magnetization
as a function of applied

o field at various temperatures
magnetization measurement up to 55 T at 4.2 K.

This can be expected for a system that contains one Gd - moment per formula unit with
foa= T s plus one Ru-moment With £z = 1.6~1.7 st 5. It appears that this value of
the Ru-moment is reasonable, if Ru**(4d%) is realized in the low spin state.
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17.

eyt = . -
Sr,RuO, DHEIEEL 7 = VI

IEE

Superconductivity and Fermi surface properties of St RuQ

BRE T EEAS FHETA FHEEA KESEES KRR EHFGRH
(H3B) _
R. Settai*, Y. Yoshida* , A. Mukai*, and Y. Onuki®

e-maif 7h L2 :
settai@phys.sci.osaka-u.ac.jp

ERES . (A 4BESFAH)
TENESX—IJLARRCXESHTTEL,

Sr,Ru0, i3 iR B {RE A La, Sr Cul, & M UBIR~T T A% A + & TSR
FRTEIME—DBRERTH S, BEEEBRET 138 1.5k T, BEBEE
HICHARBEWD, BPEOBEEPBEONL Z L, BEFREITERMIZH X <
PR TWVBEIE FLTIZ =N FOHHEHENAE Y YT Ly b TH B
ZEERRTVL OPDEBRREEIREIN TS I & & Z20OEEENY
UPOEHZEDOTWAPE TH A, T2, FOIANLF-Fy vy FI2E@L
T ERWICHEIC L s TR R ARE IR OF Yy PEF VR AMICLY
Fryy TORXEPELRDLEFNVIREINTWVS,

PeAald, T, = 1.52 [KIOBREHEEEXBOBTRICHII L, 20RM % H
WTERTOLE, R FN—X -
T7YTNVT7 2R EREL,
ZDORR, BEFILBEDOBRERET 60}
DIREMGFEN T 2RI FENE
RGP oly DO LITHE

Sr,RuO,

EEX Y v T, T4V — F i @m_
NI SN RSN . e
BFLBRED 0 KTH 8 mI/K> B

mol L RAES i, HBOHOME §

LEBEHPLTD, T2, F 20]-
IN—RX - Ty VTV TBE R g

5. 2R b I W OIS g TEIBE ]
RIGER L -EEIFEH SN ' . , .

T, FNLDOERITOVTHET % 1 2
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18. YBa,Cu;O,D@HIHICH 1T SR HEE

Rk K2 EERHMBEAR, CREST
FEHEN, SEHES, MRS

Magnetization and resistivity measurements were performed in untwinned YBa;CuzO, (YBCO) single
crystals with different oxygen content. We find that the vortex phase diagram is a strong function of
the oxygen deficiency; (1) For fully oxidized YBCO (y ~ 7, T, ~ 87.5 K), the first-order vortex lattice
melting line T;,, (H) is observed up to 30 T. (2) For slightly overdoped YBCO (T. =~ 92 K), T\ (H) and
the vortex glass transition line Ty (H) terminate at the multicritical point and the field-driven disordering
transition line separates the vortex solid phase into the Bragg glass and the vortex glass phases. (3)
For slightly underdoped YBCO (T, ~ 92.3 K), Ty(H) terminates well below the critical point of Tm(H),
indicating the existence of the vortex slush regime by the introduced oxygen deficiency.

Vortex Phase diagram of
YBa,;Cu;0, in High Fields

T. Nishizaki’?, K. Shibata! and N. Kobayashil2

LInstitute for Materials Research, Tohoku Uni-
versity, Sendai 980-8577, Japan
2CREST, Japan Science and Technology Corpo-
ration, Saitama 332-0012, Japan

1. INTRODUCTION

In the high-T. superconductors, the effect of
the weak point disorder on the vortex phase di-
agram was studied theoretically and a topologi-
cally ordered Bragg glass phase was suggested.[1-
4] The upper limit of the Bragg glass phase,
pamely, the field-driven disordering transition
line H*(T) is connected with the critical point
H.p of the first-order vortex lattice melting line
H(T) and separates the vortex solid into the
dislocation-free Bragg glass phase and the disor-
dered vortex glass phase. Recently, a steep in-
crease of the magnetization at H* in YBayCusz Oy
(YBCO) is discussed[5,6] on the basis of the field-
driven disordering transition theory.[1-4] In this
paper, we study the vortex phase diagram as a
function of an oxygen deficiency controlled by the
annealing condition. We find that the melting
transition line and the vortex state near H., are
strongly affected by the disorder.

2. EXPERIMENTAL

Samples in this study are naturally untwinned
and detwinned YBCO single crystals.[7] The oxy-
gen content in untwinned YBCO was controlled
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Figure 1. Critical temperature 7 as a function
of the annealing temperature T, for untwinned
YBCO.

by the annealing under 1 bar and 8 bar oxy-
gen[8] at various temperatures T,, as shown in
Fig.l. The magnetization measurement was per-
formed by using InSb Hall probes and a 14 T
vibrating sample magnetometer (Oxford Instru-
ments).[5] The resistivity p was measured by dc
four probe method under a current density J ~ 1
A/cm?®. The magnetic field up to 30 T (H || the
c-axis) was generated by a hybrid magnet system
(HM-1a*) at High Field Laboratory for Supercon-
ducting Materials, IMR, Tohoku University.
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Figure 2. Magnetic field dependence of the resis-
tivity up to 30 T for fully oxidized YBCO #32Y3.

3. RESULTS AND DISCUSSION

Figure 2 shows the magnetic field dependence
of the resistivity p up to 30 T for the untwinned
single crystal of YBCO #32Y3 annealed under 1
bar oxygen for 672 hours at 300 °C. The crystal
is a fully oxidized sample (y ~ 7) and the critical
temperature is T, ~ 87.5 K. As shown in the fig-
ure, the resistivity shows the discontinuous jump
due to the first-order vortex lattice melting tran-
sition up to 30 T, indicating the higher critical
point” Hep, beyond 30 T for the extremely clean
YBCO single crystal.

Figure 3 shows the magnetization (M-H)
curves at various temperatures for fully oxidized
YBCO #32Y3. The magnetization shows a steep
increase at a certain field H* which is well defined
by a sharp peak in the magnetic field derivative
dM /dH [9] indicating the drastic change of the
vortex state. In contrast to the case of the slightly
overdoped YBCO crystal,[5,9] the second peak
H, for fully oxidized YBCO exists just above H*.
Thus H*(T) clearly behaves as a characteristic
line between two different regions.

Figure 4 shows the vortex phase diagram for
fully oxidized YBCO #32Y3 in addition to the
transition lines for slightly overdoped YBCO
#26Y1 for comparison.[9] The vortex lattice
melting line T,,,(H) for YBCO #32Y3 is consis-
tent with the extension of the previous results by
the specific heat measurements[10] up to 16 T.
Although the vortex glass transition line T,(H)
is not observed in YBCO #32Y3, H* seems to
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Figure 3.
#32Y3.

Magnetization curves for YBCO

approach to the critical point H.n(> 30 T), sim-
ilar to the phase diagram of the slightly over-
doped YBCO #26Y1. The vortex phase dia-
gram for slightly overdoped YBCO is discussed
in the previous paper[5,6,9] and H*(T) is inter-
preted as a field-driven disordering transition line.
Across H*(T), the topologically ordered Bragg
glass phase with quasi long range translational or-
der shows transition into the vortex glass phase
with a strong pinning force,[1-4] so the magne-
tization increases steeply with increasing field.
Since the vortex glass phase is enhanced with in-
creasing point disorder such as the oxygen de-
ficiency, the decrease of H., and H*(T) is nat-
urally expected from the disordering transition
theories.[1-4] Since the value of H,, for fully oxi-
dized YBCO #32Y3 is at least three times larger
than that for slightly overdoped YBCO #26Y1,
the vortex phase diagram is strongly affected by
the oxygen deficiency.

As mentioned above, H,, at which three phases
of the vortex liquid, the vortex glass, and the
Bragg glass meet decreases with increasing oxy-
gen deficiency for overdoped YBCO. However,
the vortex phase diagram for optimal and slightly
underdoped YBCO shows a new feature. Fig-
ure 5 shows the normalized resistivity vs. tem-
perature for slightly underdoped YBCO #32YH3
(thick lines) annealed under 8 bar oxygen for 168
hours at 600 °C, including the data for slightly
overdoped YBCO (thin lines) for comparison.
Although the resistivity for slightly underdoped
YBCO #32YH3 shows the sharp drop at the
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Figure 4. Vortex phase diagram for YBCO
#32Y3 and #26Y1.

first-order vortex melting temperature T,,, the
resistivity remains below T}, and decreases grad-
ually with decreasing temperature, indicating the
second-order transition. As shown in the figure,
Tm(H) for slightly underdoped YBCO #32YH3
is consistent with the well defined T,,(H) for
slightly overdoped YBCO. The gradual transi-
tion in the lower resistivity region is described
by the vortex glass theory[11] which predicts the
temperature dependence of the resistivity p(T') o«
(T — Ty)® near the glass transition temperature
Ty(H). Plotting [0(lnp)/0T]™* versus T, Tg
and the reasonable value of the critical exponent
s ~ 5 — 6 are obtained[12] from a extrapolation
of the line with a slope 1/s.

Figure 6 shows the vortex phase diagram for
slightly underdoped YBCO #32YH3. The vor-
tex glass transition line Tg(H) decreases with in-
creasing temperature and approaches to the first-
order melting line T, (H) well below the criti-
cal point of Ty, (H) in contrast to the case of the
overdoped YBCO (see Fig.4). Although the mag-
netization shows the broad second peak Hc, in
low fields, no remarkable feature is observed near
Hp.[9,12] Therefore there is no clear evidence of
the Bragg glass phase and the field-driven disor-
dering transition for slightly underdoped YBCO.
Worthington et al.[13] discussed the two step na-
ture of the resistivity similar to Fig.5 and in-
troduced a concept of the vortex slush regime
between T (H) and Ty(H) in proton irradiated
YBCO. The results in this study indicate that
the Bragg glass phase disappears with increasing
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Figure 5. Normalized resistivity vs. temperature
for YBCO #32YH3.

oxygen deficiency and the vortex liquid undergoes
two transition lines of T, (H) with no symmetry
change and Ty(H) with a symmetry change into
the vortex glass phase. For underdoped YBCO
with further oxygen deficiency (7, < 92 K), the
vortex glass transition is the only visible transi-
tion,[12] so the vortex slush is observed in YBCO
with the limited value of the oxygen deficiency.

4. CONCLUSION

We have studied the effect of the oxygen defi-
ciency on the vortex phase diagram in untwinned
YBCO single crystals. For fully oxidized YBCO,
the first-order vortex lattice melting is observed
up to 30 T. For YBCO in the overdoped re-
gion, three transition lines of T, (H), T,(H), and
H*(T) are connected with H., and it decreases
with increasing oxygen deficiency; the result is
consistent with the field-driven disordering transi-
tion scenario. For slightly underdoped YBCO, on
the other hand, T,(H) terminates well below the
critical point of T7,(H), indicating the existence
of the vortex slush regime between T,,(H) and
Ty(H) due to the introduced oxygen deficiency.
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[1] H. Kumakura, H. Kitaguchi, K. Togano, T. Hasegawa and Y. Hikichi, Cryogenics 38 (1998) 163.
(2] H. Miao, H. Kitaguchi, H. Kumakura, K. Togano, T. Hasegawa and T. Koizumi, Phsyica C 303

(1998) 81.
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21. SRPIEFRE R VOB EHT =

Sl I N

BIQSFQCaCUQOg_HE %%naa@ﬁun'ﬁ g L;.u,#@r_]i

Enhancement in the Critical Current Density of BisSroCaCuy0g, Single Crystals
by Fast Neutron Irradiation follewed by Thermal Annealing

REKRFE TH#E

IEE S, I B T E—

Change in properties of BiaSryCaCuyOgy, single crystals due to fast neutron irradiation followed by
thermal annealing is reported, focusing on the critical current density. After fast neutron irradiation with

the fluence range of 2x10'7 to 5x10'8 cm

—2, the specimens were annealed in air at 673K, 873K or 1073K

for 1h to 24h. The critical current density J. derived from the magnetization measurement increased
due to irradiation and decreased due to thermal annealing for the specimens irradiated with low fluences
(< 10'® ¢cm~2), while it decreased due to irradiation and increased due to thermal annealing for heavily

irradiated specimens.
behavior of radiation-induced defect clusters.

1. &
HBIZEMHRICHBEOE =y y—%EA
L. BRAEBRTE ). 28D5-00FEL LT, &

BHEREIERIIENLFETHELEZ LN,
MATREBEHE, R TR F-E o SR EZHOM
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W& BRI wWZ e, T4, BEE - BEHE -
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Zy eI -0 A X R OHIEE % LB
BHURETELI L, REDFIEZED,

BATRBAT 2 BIZEM B ORELEOFEL LT
WALT A0, sFSELMBYE - Bl =
ANF—LREOBEEHIIONT, FNICL> TAE
THHEEE - WEELE OBFRE REMICHS 2
T ALY ETHE, KSV—TTIIREET
{2 Bi-2212 (BipSryCaCuy0gy ;) BE&IIH L TE
FRBE. PHTEA. 8 V¥ — 14 Y BEFE
WELHEZRRAEREE (J)PLF2HELT
V3 U3, s i FERAHE . REARICho T
%ﬁmﬁwﬁkm%ﬁkié‘tﬁﬂ%f\ﬁﬁﬁ
HORGOLT NV IMOBHLEIIALETHLLEE
AN TWE, ERICBLWIEHED TR 27>
AEPIIEE M BEORE SR EHEORES I A
F—MEAENE, TNEFHMEY =7k
- LTHRIET D EEZ OLND,

TR L DEASNERGY 525 —D
1 XGBRHEFL LCUWBHBOHR T v 7z
Lo TENSEDL I ENTHETH D, 72— VA
24 o CTIEBEEERITBIREM~EEBE L, RIE

The change of J, was highly related to the number, the size and the recovery

DA XFNEL b, ZOH, REBGEL B
ATHEHTHIILICEINETLA T =iz
LOEETHIENHFEEINDD, ZOBOT =—
WVIBEEEFIIBEERRNTA—9THi, HRILE
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CERTFHELOBESR ST L ) B REBIGHE T
BAMICEMP ). Tl KIRICBITHAT7 = — LTl
HMEBICHDBHMBEOMEILH 2000 LS,
REEHHEB L), BEREHEFPEAFELL-V T L

v, —F, FREEDBEIIBITAT—LIZE
Wik, BBWEELEFISIEESNID, 2k %

RIBEAGEPER SN DT 52, BIREVES
ERTIENFHEINS, AR TIE, PHETFES
B, PHFEEHBEOT - VEE - 7o VRS
EDONRF A— Y DERERERE J. (21T 2 FEE 2D
WTEBTHZ L2 HME LTERYTo 7

2. B

2.1 SHFHEH

Aui®kEil, 70-F4 v 7= rFEICED
ERSN/-BI2212 BiES %, Y RO~NEHIC
o, cHMICBELZEA R KO 2 2 FHIK
(2x2x0.1mm?> BZE) IZLbDTH A
ﬂﬁ&ﬂ”%ﬁ R NS E N m& BT,
ZFOMERIIGLAFY ) T2HED, EHEROR
ﬂumﬁtfmmﬂﬁﬁféﬁu%m%mﬁéﬁ
. BEBEPEALREBI IR EEZON, 1R
&Mi@fmmm&éﬁéfb HRPoBR&I
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LU b H D, TN, HiEREI,PSTD ML
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REEET =ML, BREOHBETILEYFS
bo AMATIRERFIZBWVTI073K TT720HD
To—VEBL, TOEZRICZRITEFTLIL
kb, BREOHEEIT o7

2.2 SEHE TR R UBSEH T = — IVEER

EE M F R, BAREF NIRRT - KB
BFo##ERIE JMTR (Japan Materials Testing
Reactor) # WV TiTo 7. Bi-2212 HiE& % ARE
s EZEH A L. FELROEHEIK (< 50T) Hiz TH
5t L7z, PHEFOAFHEIEEFHEEZON S,
EEBET 7 VY X, 2x10Y7, 6x10'7, 3x10%8,
5x10'% cm™2 TdH 5,

NS OBIHEREIIN LT ZBRPICBVTH
Fo—NEITol, To— ViREIE. 6T3KE LI
1073K & Lize 72— VEFEIZ, TR ENDEE
DWW, 1h, 3h, 24h & L7z, 7=— VHIZERBDE
By —EREREL. FORRBLEROTIV IR
KHELZLTERITEH L,

2.3 BRERBE J. ORE

R85 B 0 BT (Vibrating  Sample Magne-
tometer, VSM) % B\ T, B 0B/ RS
REHEEME L. 20, 40 R U 60K O#lEiRE I
BT, 38 c #8IFITICENIn L - AL ERRLSS & KL
2o RBOMbEHEL. R AT VA
Bt KD, WEOFIFERUTOBEI TH B, ¥
OB CTHRABREL L, CACREL TR ZS
ML, 20%, TOBEH» L —EORERTEE
dB/dt TE KIS Bmax £ CHISZIEM S,
& 512 -dB/dt OIRFRE T -Bmax T CHISZ WS
S, F0H%. dB/dt TYORLIEE THIGTIE
MELET—EY OBRL AT Y AN-TxiF7,
BIVBRUSIC B B HBOBILE 27 ) ¥ ADIE (
B L WA RDE) AM I3 LT, RADHLE
Bean €7 4 2 @A L. 3 ab WADERFRERHE
B J xEH L7,

I = 2AM

t(1— )
(I,t & abAADADE S, 1> t)
B AM (Am™1), J, (Am™2), t,1 (m)

3. BREER

3.1 J, DREF 7T L XEKFYE

Fig.liz, BBRBAEE J. OFETF7 VR
I T, 70T ¥ A 6x1017 em™2 F T,
J. OBEIAERE S ho, EaRP M FIRSTE Y-123 @

fEHkIz+ 2 TEMBEY 12k 5 &, 2x1017 ~
8x1017 ¢cm™2 O T NLy AEEIIBW T, BEIC
FOREENREREI AT —FPF 7V Y RAIZIE
IFRFILThA I ENREINTVE, ZDT &R
Ly ZOTNI Y AFEBIIBTA J, O¥ME, 7
NIy AOEINIE) RFEZ 5 A7 — BB &
BLDTHoEELLND, —F. 1x10® cm™2 %
BAALTINVI Y AEBTIE, J, PWRBHABOE
2 TFTE- CRATHIENFBER SN, Y-123 (24
45 TEM BE#ER 0 2BV T, 7V X 2x101
em20hEFREICL>T, RIS AV —DE
) RLEETOEREANASBEA S TSI &
5. FNL I BRENOELR YD 1018 cm2 LLETO
E7NIyAERIIBTS J BLPOBERTHLLE
Zbhd,

—e— 5K.0.03T
—&— 20K.0.03T
107 —H ey el I —
: —o— GOK.0.01T ]

J. (AJem?)
2
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fluence

k}
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¢
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Fig.1 Neutron fluence dependence of J.

3.2 BE#H#7=——V L JIlLD J, Fib

2x107 ~ 5x10'8 cm™2 DWEEV 7 VI v AEH
DBEHERE BT = — ) (1h, 3h, 24h) 217723
&, TNVIVADEET NI Y X (6x1017 cm™2) B
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BALT, 7 Z— VD J, BILEBPIRECESL
BIENRBENS, 7L YR 6x10Y7 cm™2 RO
5x10'8 cm~2 OBEHFEREHIOVTO J AT =—
VESER A% Fig.2, Fig.3 (SN ENRT . HEdh
2, RBEBREO J, il (= Jo) KHTIMES N
J. iDL (J./Jo ) THbo

Fig2 \oR T & 912, BE 7Lz 2% 6x10Y7
em™2 OA, PRFREICIVBMLA Jo 3 &
BREOBRT Z— LIZLo TRKECHPT B I EHME
MWENTe T, BEIZ Lo TREMIEA SR
LR GAY—DF 4 XPHT Z— Wil Lo T
X HhprI LYy, Kzv by —L L TOME
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DM L0 THEEEZOND, RN J, %
Bpid, 7R 2x1017 em~? RRBELRHHICD
WCLBR SN, —F. Figdlo|kd &9z, B
70V 2% 5x1018 cm~?2 DA, TR
LNWAL J o iE, FEEOBRT - LiZLo T,
BEROEr B2 THENTL2Z LB SN, &
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ELDERELLEREISAS—H, 87— NIk
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Y- LTHEBICHLLY A XOEERMETERL
7O THbHEEZLNS, BN J, FEx, 70
IR 3x1018 cm™2 #ME L A-sEHC oW T H B
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/o0 2dh D7 == VD J DTk, Fig.2
(BRB7 VL R), Figd3 (BE 7V 2) wTh
DFEID, TZ—VIRE 673K DFED J, EH.
TZ—ViRE 107T3K OBE& LY bE L. £/ 1073K
DIFEE. J B 1 IER 2 EAEAl s i,

—&— 673K An. 20K
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10% —O -1073K An. 20K |
--0--1073K An. 40K 3
—a---1073K An. 60K !;
“h, B-----"" 777 A:
10" L Mo T o
—_ A
S~ o ‘.'
~ Lk
- O 4
l: A e i — - 03
r e T LI LT e - sotoeeee- Enk
6x10'7 cm™? T
0.03T
0'1..”.l....l....1,...1....|....
unirra- 1 0 5 10 15 20 25

diated “—  Annealing time (h)

Fig.2 Annealing time dependence of J,
(6x10'7" cm™2)

3.3 REEMRDEALICEET 2 ER
DEDHEREZREGL T, BERPETF R R OB
BEBT7 Z— VL B RBEROEIIZETE2EF L
AR L7, Figd lZFDEFLERT,

70T A4 (2 x 1017 cm™2) & AV iR
TNI LA (6 x 1017 cm™?) OE#EPHF T LY
2% BB L-%E (Fig2), J, 13BEHI X - TkE
SE (Figd (a)) 1Zle_THML A, Thid, BY
WKLo THEASNARMBZ SRS —HHENE =~
Ty -t LTEDPAEMBELT20TH
LEEZOND (Figd (b)), BEHERT = V%1
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Fig.3 Annealing time dependence of J,
(5x10'8 cm~2)
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REHIHRTRA L e S, BRI TIEET L
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em™2 DT NI Y AEIHTOBBLEREZ TR Y —D
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Fig.4 Schematic drawing of defect structure by irradiation and annealing
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ST Eckbh, B X v Lz I YRS
HMOEEBATRELALT S ZEABA SN
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22. BA A UIRE L7z Bi-2223 B OB LEFE

(Vortex State of Heavy Ion Irradiated Bi-2223 Tapes)
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Bomdfb X7z Bi-2223 R — RBBA T, 4. 2K IZBWTEBR B T b (e
DOMREZE R D 10°A/cn’ LL EOBRAEBEREBEENF LN TS, LiHL, SRS
CERBEORERERIFERLCE N Ot — VU ARREIZIVBDLENKEL
iR (7T7K) TRBAERBENHR ISR OBRIGIZERRMETH S, £
NP R Bi-2223 IZBITHE = IRHEOHENEEN TS, 5E, Fxlx
Bi-2228 7 —7HAMICE A A VBT A LI L VEERKEEED . HIRKRME &
R & DR BAERIZOWTHARTZO TUTIC®RET B,
AEHD Bi-2223 Ag-Cu & &M TR ELDS Bi, (Pb, (ST, oCay ,Cu, ,0, DEENS %
Bl 22 TCuDBNDRZNDIZI —AMNE Cu DR H B -0 TH D,
D AMIZIEER TR E LT T I HE 72 8% 0. lat%iBE & bE Tz, BA 4
RSB L EIFFERTIZRB VT 3.66eV X /1A VERE Lz, ZoBoE
BEEIX 7.2X10"%cen® T, ¥ v F U THBGIE B=1. 4T TH B, BEHIE BFED
*:Wr WOWTHALRIEE R 1T o 72, B 1IR LD, BiE % c 8z TIZEnm L

Gt DEA A BEAT & REHE O KRB O R HIRE 2 /MBS o5t LT
2y hLERTHD, 2O, BEA 4 BREHEORE R A] 8 AR X RS AT
WHAATH LIRS, SBANZY 7 P LT3, BEBEIEECi Ag sheath
BT L Ag—Cu BEHM CARFWHBROE(LIZ/NZ VR, BA A4 BEH% TR
ELEMLTWD, Ag ¥ — R IR BURHE T HAMBRIE 2 4T DA Ik BRE
B &M CARHHIER &8 5> TWvdo —H Ag—Cu BEBM TIZ5T 'C“%Bﬁ%‘ﬁﬁi
eSS, EEANZY 7 PLTWS, B 2R LD, B % ab @iz 1T
i L7c38 OEA 4 U FRERT & B % O R W R E % S VR 2 LT7°m
vy MLIEETH 2, B 1 OEE c BN ATICHIM LS L0 b &SI AH
MRS, BB 7 PLTWD, £2C, K3 TREEE ciind 45
BB L7 RIB TR L7254 O R ATHHRE 2 I %2 TN Ic LT v
L7, ZORMMGHFREEN 1T £ TREBEBEOF I L ST R el hiigiiZ 1t
LTV, UL, 1T L ETIEBEOFENCEE L TRk L
Cul, ET 136 U T D FIINRES D 7 MASEATIZ /S A IS D TR i R 1 AR
EIRENZ Y7 FLTWB,



JAERI—Review 2000003

6 T T L . |
Bi-2223
Xe-irradiation
51 /lc ]
~ 4} irradiated 4
= 3 —A— Ag-sheath
- , —ai—Ag-Cu sheath
© [ unirradiated
v 3t 49 A -/ Ag-sheath
© P -8 Ag-Cu sheath
5 | 3
2 o %
o R v
= {<—B=1.4 T
‘| L i
0 —aad 1 PR

0 20 40 60 80 100 120
Temperature (K)

X1 Bi-2223 #st OEA A FRETRT & BE % OL B O w I iR

6 AR v 6 T Bi-2293
Xe-irtadiation Xe=irradiation
5l //ab ] 51 Qg—Cu sheath
4 L irradiated ] . 4 - H//e
Lo [ ~&—Ag~Cu sheath L
o F unirradiated © [
:; 3r -8 Ag-Cu sheath o 3r B
e w
e I 2
2 o B ool ]
g 2T - % 2
= ~—B=1.4 T £ | B=1.4 T
1| ] 1t ]
0 [ 1 ) 1 s ] 0 L L 1 L L, OB ?"ﬁ‘, 7
0 20 40 60 80 100 120 0 20 40 60 8 100 120
Temperature (K) Temperature (K)

K2 RH% ab S THATICHIMN L7255 3 REEHIANC L B ARl

= 3EN
1. Kazumata. Y, Okayasu. S, Sataka. M and Kumakura. H (1998) Phys. Rev. B 58 5839-5847

*BE BALKRFERBIEIBIEATENS



JAERI—Review 2000—003

23. BT RNUF—BA U RINC L D RKM & BEEEEOBEE

The Relationships between Point Defect and Superconducting

Properties on Low Energy Light Ions Irradiation
eRms ' A BERE GRE—
T.Satou', M.Sasase, S.Okayasu and K. Hojou
KEEKRHE Y, HBARRTFHPFERT

LR

BR(L R B O R R BN OB L OF R FTIECA &V BRIERS 5,
A ZF VBT L O BEEENICEASNERBE ROV A X - BE - 455 « BRI
I L BEREEED D, —RIZ. BTIVX—BEAFTUVBHICL > THERIN D
RRBEIZ, FRBEROCVEDRE LTHL Z LBMbTWD, —F, ExX
N —BAZTVRBIFICE o TEAIN D RAMEIL., MBEHH U IEDREEZS
nNd, LU 6, RREPEDNEALTHDIEESL HDT2D[1][2]. AXMED
RFIEZHOMNCT DI L, BENSRECRBWTHELEETHI LEZLND,
FIFFIL. B DFIRBEERICET LY — A U BRE 2TV, RS
DEIRZFH A, AR & BIREEDBIRIZ OV THRE LT,

PR

HEHI, MgO EMRK EiZ C #hfEdm U72EE 250nm DOBREHEK (EuBa,Cu,0,, ;)
RV, BHIZ 45keV O He' A A2 & 22.5keV O H' A Z V%, BHEE 1x101~
1x10"Gons/ecm? T, ZEIRIZT C BIIFEITICIT o7z, BHEEIER O C @ik T X&
EIE7 e %@m)%%mT@iLLOWM@ I, BEEFTUWEHEQUID)E VT
Belm % C BhICEATIZHELN L*Cﬁoto AT ) U RHBRIZH UCHBE Y — BT L
EEA LTI 2WRELRZ[3], T.i0X 10G BOBMLERNSE L, Fig 1, Fig 212
Hﬂdn~k®?§ﬁ%%bb?[kﬁﬁ%@Hﬁ%ﬁ/#\%nw>w4ﬁ/#E
BEEENIZTEAZINLTWS, UTOREHRIZ, BREE2F A —-VEBICHRE LT dpa
(displacement per atom) % FHV %

3AER

AL D REEDEERAR DO, C BT ELKDOMEERD =, Fig. 3
D5, C BT EEROMIX He' A A2 & H A A5 LT 2X10%dpa 355> & BN
THZEDBGND, BIICHT D T, ORI, Fig. 4 15 T 0%, HA AR
BHTxt LT 2X10%dpa AL CAMIZED L, BEEERNETEZ LRSNE, &
7o, BHIZE D Jo DFE{L% Fig. 5 & Fig. 6 ICRT, WA A BEIIH LT J O dpa
RFHEICEVWR B BT, He'A A BEIZEIT S T 1, 2X10%dpa AT CHML,
H A Z BREAIZE T D I 1%, dpa [k UTHEFHIZED LT,
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24.

SRR 2SL7 QMG —Y B COREID ik b
HEVEEB : Pinning properties of bulk GMG-YBCO samples.
s M B BNk BHERE. WMERA. SRR, MR
AART-FA5ERT, B
(FEL)

S. OKAYASU, Y. KAZUMATA, N. KURODA, M. SASASE, A. IWASE and T. KAMBARA*
Japan Atomic Energy Research Institute, Tokai, Ibaraki, 319-1195 Japan
Riken, Wako-city, Saitama 351-0198, Japan*
e-mail 7 KL X : okayasu@popsvr. tokai. jaeri. go. jp
HEER

QMGETER L= Y B COIREIDO L EDFRECOWT, 7 b BRBLUX e BHOBS®Z
BB LT 5, Quenched Melt and Growth Method (ML FQMGHE) TIEEL7-YB COEHI, Hpthiz
HEBEEROY 2 1 1 O#/MITF (EEHL pm) PORLUTEET S, Z0DY 2 1 1#FHREIEDHLE
LTEL 2 b D2 EBRHbhTW3, ZOMEDE DI EEMR L, X5l ik
R IET B7-DI0, 4 A VBHETVRBRICEAEDPLEMIN L E DR ED L 5 I LT 50 %5R
iz, BEHT R FHESEEMOFEEE K I VBELTWEREW LT, BEPIEY 21 1 %83 Omol%E
TG, A FVBHIIEFZ 7 LMIEE, BIUOEWDOY 7Y A 7 a harEHANTTok, BB XRMIZE
B IEHDENE RS IHDIZ 2FBEDRE 21T o, D& DREBET RN —DEA A RSt (3. 5GeV-Xe) TIIUTE
DB RO KRR EEAT D, b5 —HIIET R —0EA A B (30MeV-p) T OFEAIIREIPICy T X
H—IRDRMEH T & bS5 F 2> TEREND, EbLOBRE LIBT3/ 3 = AT ¢ 8e Tk
B &) IoEE TN AT 1,

BREEDO OB ), BREREE Jo. RABHE By, BIUBMLORREHEMORIE
T, BB ORTIE TR 1T o7, BIEILT o Z AT YA AL MPMS 38 X UPPMS 2 AV iz,
U7 a NBSE LEE R L VBT, 1113 0MeV 7’1 hir% 1x10° p/on? BBE L7 BA DO RBHRIR TD
FEREROTIER LI bDThD, BREREBENSTOREGREIZHZ T 1T AT THKIT 3 &5 5EHERE
DENETT, ORI - CEREIICEA SN ARRITEER 1 0 AD B0 100ppn DIEETT 2 MMIHHL
TWALEZ DR, FOEODEVRBEEER ISR D hEE LTVt BEbhb, L Ll bRIEDKE
EFI bt — VU RERRETH A ORI BIREEZ VLD TR Z LR TE, IRWBERREIZ D> T Jo OBERHE
MEnkE&EZLNS,

F 2 oW RO % LD 2 TH D, F, I3 b=B/Byy & LT Fypy » BP(1-b) AT HBIL T TR EN D,
Frm ERKOE IR H LT, TOHERNOHME T BIWqDEREDLLT, TRENL1 L 4DETH D,
EHLDOBA S REWRES B, & FERHEE T AR By, L BKRE LV IEDT] F, ., ORISR L5,
FiXF, = C+ (I-T/Ty)" » WP (1-h)° &R END, BRI ORIE T F, OEFRRRESHEAFENED B2V, T o b FRAIZ
XoTEASNA KM, RABPICTATEEL TND T U F AREVIEDRLERI LT F L 720T (EOKRES
IBESD), EUIEDOERRIEEEE IR NS, RBFORE CIISmEERSERT F, L7 2R
ERTEESRELNED, ZTIEROBRBR It t& v, BRI T U A LRI ERTRED
STVAbDEEZL LN,

WICEA TV BHOBAE2E 25, ZOBEN ¢ SISO B nn OMFERKMES SRR EE T
T3, RERIT Ix10Y ion/od T vy F U VREEIL 2 T AT ICHEYNT 5, FERKRGEIL Bi R CX Je R By, D%
BICRKERDREPFRTIEBMLNTHEDN, be b BN IEDAEETS QMGRBHIIIHE v IRB’ 2, B
3T OROEREREE Jo OELER UL LOER, BRIV~ ZRBA LN TWeons, BT3¢
TENBRZIRL 2o T DISNT Je IR ERBIRLNRY, FEARFRELRELEESND Z Lidib ol

Z ORBFHTIBT B R 2 KIIRH L O BB\ TR Bz, B 4 BB EL L ORT BT T,
REED 1 TR 5 OBRAITRNOFETCEIT 2L, BboRE SIHBE LIS TERICED LTV, 27 A7
P EOHEA1E6 0 K THEMICELRRLNS, BETHL LB LFELTNDY 21 LITLZ BV IEDHKER TH-
7o, BEFFICER S BE L EOMAKTEDO Y IED NPT 5, —HIERKNROD © 2 b i3 EnsiR
TN IEDHEE LT B0 BRI BEERAMEO E b ARKE L 22D ZOREFESR TR L0l
VWInEEZ BIS, LA LR ZIUTHOWTIERIA LS . BEEIREEIToTCWB L Z5THD,
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Fig.1-(a) Field Dependence of Jc for the unirradiated sample at different temperatures.
Measured temperatures are 5,10,15,20,30,40,50,60,70,77 and 80K, respectively.
-(b) Field Dependence of Jc for the proton-irradiated sample at different temperatures.
Measured temperatures are the same with Fig.1-(a).
-(¢) Comparison of Jc between unirradiated and proton-irradiated sample.
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Fig.2 The field dependence of pinning forces at different temperatures, (a) for unirradiated and (b) for
p-irradiated. Open circles are obtained data and small solid circles are calculated values from eq.
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field, tesla field, tesla
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Fig.3 Critical current densities for unirradiated sample (-a) and Xe-irradiated one (-b). The
measured temperatures are 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, and 80 K.
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Fig.4 Long-term decaying of magnetizations for unirradiated sample (-a) and Xe-irradiated one
(-b). The measured temperatures are 5 (left), 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, and
70 K (right) for H=IT and 3, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, and 60K for H=5T,
respectively. Each segment of decay corresponds to about 24000 sec.
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