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Prediction of decoupling in high-temperature superconductors

Paul P. Durand and Lylc H. Ungar.
D.po.tne of Chcni.al Eryinc.nds, Uni*'Jity of p."Brtoo"io, phitod.tphia, pennsJ)trania r9r0t

(Rc.civcd 17 Augusr l9E9)

Tlc variation of nagn.rization wirh ficld in high-icmFr.turc suFrconductors pas calculat.d
by cxtcnding thc spin-8tair modcl of Ebn€r and Srroud lC. Ebocr and D. Stroud, phvs. Rcv. B
il. 165 (1965)l to incorporalc domains insid! thc Srains. Trro couplin8 .n.r8i.3 wcrc urcd, one
bcrwen domains in rhc sinc grain, and a ficld{.pc.dcnt coupli,g cocrgy bcrw.c'l domars tn
ditr rcnt trains. Thc 6cld dcFndcncc *as assum.d ro bc rb€ samc as rhc fi.ld dcD.ndcacc of
critical currcnr d.nsiry. This modct r.produccs rhc .ipcrimGnraly obsclvcd dccoupli;8 of suFr-
.orductors ar low 6.t&.

aHR44o I99o PACS numbcr(s): 05.20.-y, 74.30.Ci, ?4.70.Mq, 74.7j..fl
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Thc 9o-K supcrconductors can bc modclcd a5 " g."nu- ii,.
- Irr supcrconducror wrrh Joscphson junctions bctwccn rhc +

l inks. '  \ lonl. Crrlo simularions of this modcl2 ouali ta_ :: l l
r'vclt- rcproduc€ many of thc fcarurca of thc nc* matcri- iiii

- rls. Ho$cvcr. rt vcry low magflctic 0cld, therc is an I
rnomrlous. fcarur. in thc cxp€rimcntal magncrization :ili
vcrsur f icld plor, '  that thc modcl cannor rcproducc. Thc :;: :

- focus of lhrr Rlpid Communication is modificerion of thc _L
modct ro pr€dicr rhis bchavior. 

i l l i i

 .  Tf iE EBNER AND STROUD MODEL I
Thc HJmrltonirn for a systcm of granulaa supcrconduc. I.

,orl l i  ,T"t"ton'"n 
'ot " systcm ol Stanula' supcrconduc' 

*[

H - -L,J,tcosai - ej - au) , ,ti:ll
u'hcrc rhc r th grain is locatcd a! x,  aod has a complcx cn- T

Simulations of thc abovc modcl with Jlr hcld consta[t
for ncxr€st ncighbo.s and zcro othcrwisc givcs qualilativ€ -
egrclmcot with cxpcrimcnral magnctization vcrsus ficld
data." In rhis work 100 spins wcrc uscd. Thc systcm
was coolcd from a dimcnsionlcss tcmpcraturc oI kTlJ -
- 1.5 to q tcm[Eraturc of 0.45 in l? slcps. All  simulations
wcrc dona at constant 6cld. A! cach tcmDcraturc IOOOO
Montc Cs.lo passcs wcrc cxccutcd, thc drst 5OOO bcinc -
uscd to cquilibrarc thc systcm. Dara was collcctcd ovc;
tha 3€cond 5000 stcps, Prcvious simulations2 wcrc contin_
ucd to much lowcr tcmpcraturcs and so nccdcd much _
longcr runs. Thc adcquacy of thc lcngth of rhc run used
hcrc was 169q6 by doubling thc numbcr of passcs. by
rchcating lhc sysrcm. and by chccking thal rhc autocorr.- _
la!ton lunct|on

:: currants circulatc from to domaio

sr(r) sr(ro) cost4(r) - dr(ro)l
(4)

initial configurations wcnt to z.ro.
prcdict  that magnct izat ion (dimcnsion- -

c0.ro)-f

avciagcd ovcr fifty
Th. simulations

Icss)

!!!--.,-s
NJa' 

-" ilit

*hcr.  4 rs rhc phasc anglc of thc cohcrcnr clcct.ons in
grrrn I  Thc coupl ing cncrgy Ji ' i  is thc cncrgy b€twccn ad_
Jrccnr Errrns t .1.  Thc o,,  arc rhc phasc facrors ano arc
_qr\cn bt

c18) 8rp

a , , - = -  |  A  d t - ! a ! i . , - y , ) .  ( 3 )
O o 2

$ h.rc r , .  . ! ,  r rc lhc rclual  coordinalcs of thc i lh srain and
oo , \  rh.  . l .mcnlrrv f lur quanrum. Thc fo owi-ng) loca-
trons rr .  choscn randomly wirhin circtcs of radius 0.2a
c.nr.r .d on l r l l icc sircs whcrc a is thc spacing bcrwccn thc

lr  has bccn suegcsr.dl  rha! rhc juncr ionr rc! ,rcscnr con-
nccl ions bcts. .n intragranular rcgions of cohcrcnr phas.
rdomJrn\) rrrhcr rh!n berwc.n grains. Therc is cvidcnce
b o l h  i n  i r t o r ' J n d  r g a t n s r ' r h i s  i d € a .  I n  c i r h c r  c a s € .  r h e
modcl docs nor caprurc rhc bchavior of an individuat
domern {or grrrn),  which woutd havc scrccnrns currcnrs.
R-rh(r.  rhc dohcrns rre raken as gninrs. 

-Joscphson

0i-  yt)sin(Pi-  ei-  ai i )  (5) -

Q)

2

Fi . td
FIG. l. Masncrizarion p.r spi, (Mool,\Jd:)

fr.ld I2,ttoHa./oo) at l*o t.mp.rarurcs. No
ditrcr.nr .uns has b.cn donc.
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FIC- {. Divition ot
- rio.3 rhc loc.rion. of

rancc of O 2 rimcr rhc

lO0 spins inro rh.c.8niD.. In thc simut._
rrndomty dilptaccd a dis-

iartrcc spacing from rhc sil6 of a squ.rc o . 2 o.3 _

V. SITIUI.ATION OF SYSTEMS WTfll
COUPLING ENERCY

i1*"y:E:'::,,:" * 6crd for a systcm of r0o spins eir;
l*:,*-r:'t ll :1. lr* ",*..';; il;;:#;T:#l

NONt,lNIFORM :""::,1:':".1[::1 911,"" L dJ ;;;;:;: ;""I,"iXl 
-
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vt. CoNCLUSTONS
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It ]|as bcan suggcstcdl rhat thc domalns arc bctwccn
_ on:-50r1'- 'nd onc 50orh rhc sizc or rm gra;n. oiicJi

:lr.r 
tntl thc domains arc on a scalc of lcsi than onc tcnth

sur' or_avc,:sjns rou, indc*"al ^;,. n.h""",ir"j i"[.

l::::.::l],'':.:- 
tj.t 

:irnutations thcsysrcm or t00 spinsldoma-rns) *as ai"iaca inro rfrrcl-giaitns, Siving domain
."I^fi:llilb" .q". tr'" ̂ ,EiiiiiiiliiiiiEii.
tnc argumcnt.of thc cosinc function in thc Hamiltonian

:i-::_1,"1."1. :�pp'*irarcty onc aoih ii-c srzc or a grain.
rrgurc 4 rno*s how !h. spins arc dividcd into grains.

_. 
Simulalron of many grains would rcducc-thc impor-- 

l:1.._.f T:"diry cff.crs bur. as no ncw pncnomcna erc
::::T:::.1 

b-v rhc prcscncc of addirionat srains, qustita_u!!rcsurrs or. cxpccrcd ro bc similarlgldindcpcnicnr of- systcm stzc.

;  .___-: .- ,  In rDc Hamtl tonianoccrcascs and hcncc thc rnagnctization dcclcases.
_-.J,-"'l ?uptt"F cncrgics had rhc fictd d.pcndcncc of 

-

.raorcrl. 
Inc ratio of.slopcs at ficlds smallcr and grcalcr

ln.n do woutd bc dictalcd by rhc rario of rhc irirical

iiilllhiti,'i:tr*::,lrlT.'"Ti:f",Juill;tij-rrom laDtc lr.. In-cxpcrimcrlal da!a thc slopc aftc, thc lo.cal maxlmum In lhc plot of ncgativc magnciization vcrsus -

:]:-:_.:i:1,"1 ,h"" but cornparabrc tJrhc iniriat stopc.Lonsequcn!ty thc cxpcrimcntal obscrvalions cannot bc cx.plalnao Dy Joscphson bchavior alonc bul rathcr rcquirc a _
modrhcd modcl such as proposcd hcr..

Simularions using thc abovc division of domains ingrains. lnd rnco.poraling Tabtc I for the ficld depcndincc- 
,.1 

,* couprrnS cncrgJ bctwccn domains in difrcrcnrgr3rnr. 8r!c/ a magn.lization ucrsus 6cla plot sbo*n ai
:l: ll::] 

."^: '" Fis. 5. rhc upFEr curvc corrcsponcts ro_ "Tr," , t9"t  whcr.  al t  coupl ing.ncrgiqs arc conslant andrnd€pc,nd.nr of fi€td twhich coircspo-nds ro carticr sirnula_uonr-,  I  h€ hctd al  which !h.  maximum duc to dccou-
govcrncd by thc choicc of }'G which wast! \cn,tobc 0.06,n Fig. 5.  This valu. was choscn rocnsurcrnrr rnc roc_rl marrmuft would not b. swampcd by noisc in

_ ll,.-11,-1- 
B.tr rraphs ar. a rcsulr of avcrasrns ovcr four

il:.ff,l*", 
runs. sivins an acc!.acy of ab;ur- t r5eo in

_ .  
Th€ sh!p< of rhc towcr curvc in Fi8.5 is indcpcnd€nt of- 

:l: :rj,j. :i"s.s for rhc rario of c-oupring cncrgics and
l:.,lTl:,:l d..",": p., g."in. rn.iJ,.;ng tr,. nu.r".
::.11T-",L,:**::", rhc masncrizarion by i;crcasins rhe- 
l",jl:.j, 

r 
l-r, 

rhar couplc domains in difrcrcnr gr;;ns.Jm'rrrr,- dccrcrsing rhc coupling .ncigy bclwccndomrins rn drrcrcnr grains also dcprc.scs rnc magncrrza-

.  
fh€ mrEncrrzrr ion is also rcduccd in a morc subrterJsnron In thc trmir whcrc rhc coupl ing cncrgy ocrw.cn

iJlll' 
'j ,...'' spins on rhc boundary oi rhc erains havc

li,-." j.li"?:.' rs opposcd ro rour. rhc larscr rhc num-oct^rr  ncrrnbors. rhe targcr lh.  numbcr of loops wirhq n'cn J c 'r  cn (  prn rs associated and rhc grcrrcr rhc degrcc

: Thc.aurhors arc indebred ro Dr. Tom Lubcnskv formucn rnstru{tron and discussion. f l .  "r , t .^ , r"  " i io.  grar. ful  to Dr.  Bob p€rcrson. Or. Vlnru,nr.  ur.  noS.n._::y1.1 
:"d Dr.  David Husc for addi lonar corhmcnrs.
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