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I"in!! 1~I[[iccs\••...ilh -i:...J nclmlgc inleradions prescnt I"rustraliun lhal r;lises Ihe cncTgy ot' the groulld kvcl ;ISwell as lis Jegeneracy. This leads
In t!link tha\ alter going O\'('r the s1Jles in hall" Ihe conliguralion space. 11lL'diffcreJl\ grllunJ slates willl'mlup al!crnating aH spins yiclJing a
llulI sile order paramelcL l!llhe present work we gin: l1ulllcrical reslllts lh;ll indicale thal t!len: is always a large n:gioll in these la((ices. which
l'cmains free 01' fruslratioll in Ihe ground slalc, So if Ihc ergoJic separation is done in ."uch a \Vayas lo Icave Ihis rl'gion with olle possiblc
spin or¡entatioll on olle hall"Ihe L'ontiguration spacc and Ihl' olher spin urienlatioll in the !lther halL il is possihle to define a partial spin-glass
phase with a posítive site ordcr parameler.

¡..:t'\"lmrtl\': I"in!! lauiec; frustralion: order pararnctcl'

1,;1:-'redes de ¡sin!! con inleracciones dc in[crcllnhio -i::..J presentan t'rustraci{lIl. lo que ekva la ener!!la del fundamental aumentando !!rande-
mente su ue!!cllcración, Esto lleva a pensar 411e.al recorrer una mitad del espacio de contiguracít'!n. los diferentes estaJos fundarnclltJlcs
lelminar;ín por alternar IOdos los espines (.bnllo lugar a b e\i:-.tenl'Ía dl' un rar~íll1etro de orden de "llin nulo. En el presente trahajo entreg-
;11110:-,result;ldo:-. numéríl"tls que indican que existe _"ielllpre una rc!!ilÍlI grande en e"la." rellcs. la que permallcce lihre de fruslración en el
e:-.I;l(lofUlld;lI11l'lltal. De eS[;1forma. si la separaL'i6n l'lg/lllica se h;ll'e dl'jando un;1 orielllación dc los espines en Hna mitad dcl cspat'io de
t"tllltigur,lt:itín y la olra orielltación en la olra mílaJ. es rosihle definir una fase parcial de vidrio de l'~píll ('on un par,ílllclro dc orden de sitio
pO"ltivo

Ih'scril'foH'.\: I~cd de ¡sin!!: frustración; par;irnelro de ordeJl

I'I\CS: 05.50_+q: 75.IO.Hk: 75.1O.Nr

I"ing latliccs with -..I../ e\change intl'raClions ('annot salis!'y
all local 1il'lds [11. In each 01' lhe grollnd states a ditTen:1lI
l'tllllhinalioll 01' honds are fruslrated 121. As \Vl' go tl\'er ¡¡ti
lhl' dilTen:ll1 ground slales each site llirs its spin in se\'eral
ol'easions le;lding 10 ;¡ value I.ero !"or any site on!cr pararnC'-
Il'I", 110\\'(,.'ver, if an crgodie separa[ion is perfol"lllcd so only
half the eonliguralion space is retained. il is possihlc lo Ihink
01"a non 1C'1"ll onler paramcler.

In [hl' preselll papC'r \ve w:lllllO investigare silC onlcr pa-
rameler II'J' which is delincd as lhe fraetion 01' siles tha! do
Jlot flip Ihcir spin \\-'!len going over 11<111'of the gwund statcs
alkr \\'c inlroduce an l'rgodie separalion lo he delint..'d hl'lo\\'.
Thi, sile urde!" paranl('(er is more drastie Ihan Ihe si te paralll-
cler r¡ inlrodlJced hy Euwanls and Anderson, whcrc Ilipping
spin, contrihulc 10 (1 \Vith v<lllles hetwI..'L'Jl0.0 and I.(J. going
from a l1ighly l1ipping spinto a frolell spin [31. In ollr param.
c[er fJ.'1 all sueh inlermcdiale values are laken (o be 0.0. Thcn.
1I -:s JIu'

111an l'ady sttIuy wc showed Ih:i1 whcn a randolll crgodic
separatioll is pcrformed (/1,,) decreascs very rapidly with ¡he
1111ITlhcr or spins .Y or Sill' uf Ihe syslelll [.11. The avcrage hcrC'
is laken OVt'l"a large nlJlllher of random[y gcnerall'd samples
()()() in lhe present work). This means that in the IherJllo-
tlynamic lilllit IIU ;)nd (1 w(lultl he /l.'ro, so ;¡ spin-l.!Ia,s pllasc
,,"{luid nol he possihle rOl"lhese lattiees.

\Vl' \\'(luld like 10 introduce here a di/Tercnl way of hrcak-
in.!,!:ergodiL'ily. \vhieh has more physical scnsc <tnd Icads lo a

non-vanisl1ing ordcr paralllCler Py. To accomplish this let liS
¡irsl discllss lhe cause 01"Ihe spin llips,

Due lo Ihl'COlllpe[ing inICral...tion" inlhC'sc -..I.J Iatliecs nol
all 1!lC'liL'lds can hc sillllll[anCllllsly satislictl. Namely. SOIllC
tlf lhe hund" frustrate. Ir [hc grollnd slale energy is pn:servcd
as a spin is Ilippl'd. !"ruslralioll "jllIllPS" to nearhy honds in
\\'hal il is calkd ilineranl I"rustralion. /'''''I

\Vhen all honds lhal frustralC al kasl once in lhe ground
lIlanifold are l"eIllO\'l'd \1,"\.' Ilhlain the corre/ared dill/ted lar-
ficl' l(jl. Tlle ralio 01"lhc 1I111llhcr01"honds in t!lis dilll[cd lat-
lil'C (D,,) lo 111\.'nurnhC'r 01"bonds ill Ihe original latticl' ([J).

is detined :1, /1'1 1.1. 7j. lhe Iractional conlcnl uf bonds in (he
diltJled !allil..'l':

( I )

hearing in lIIind thal fJ = :!.JY rOl" squarc [atlices, which is lhe
case WC'\Vant 10 stud)' hcre.

A earcful slTlIliny 01" lhe dillllcd lalliec shows Ihal ¡he-
rl'lIlaining honds group Ihl'llIsclves in regions or dOlllains
01' l'onllcl'!l'd honds frcl' of rrustralioll [G l. A filler an;¡[ysis
"I}()\\'s thal slId! rcgi(lllS prl'kr ccnain '¡les (nulllhcr 01"honds
illl'ach rcgilllll ~I1Ushapes 18]. HO\Vl'\'cr. the rnosl striking
kalllre is lhe nislcncC' tlf;¡ dominant rcgioll. (he larges[ one
f(lI"1l1cdhy 11, hill1ds.l.cls LISdcllnc Ihl' fraelional h()[ld con.



s. CO;\TRERAS. ,\IA ()SORIO, A~D E.E. VO(iEL

! •
I

•••••
••

I
• +,

• ..,
• • +.¡.+++ - ,

• ..... I H. • ,. '>MQQ I I
,1 • • ••••• ,
• '. <)quól) I

J • ~•, ,,, ,. ,,,

, , , , ,

n; 1) .1 e J ¡-', I ,
1, ,I .--- ¡ --,----,--- 1 1

al 'JO [JO 70

, .0

,
lO

,
'O

000

OR •
• •

06 • • •
••y

"

002

1:)(;tIRL I Fractional tlond contcnt uf all tlUl the Iargcst rcgíon in
111<..' lhlutcd bllicc (,,,). Results l:orn:sponJ lo averagc values o\"el
.'i00 ..•••mple ..•for cach ditlcrcnt lauícc si/.c .Y reponed.

Fl(iURE 2. Sitc order pdranll'tcr (¡,o¡) as funclion 01" the fractiunal
hond C(llltl'rH01' lhe dilutcd I¡¡Hice "y. Thc ~Iveragc \"alucs repol1cd
rOl' cach l;lttice ,i/e are laKl'1lwi¡hin cad channcl in the "y :r(i ..•

Il'nl uf Ihe largesl island t!J as,

ty = /JI
/J

(2)
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~ulllL'riL'al simulalions sho\\' Ihal (t'/) ::::::::U.8 (11'1)' \\'hich
1Ill'<lIlSth¡u Illost of the dilutc-Lllatlict:s is given hy the largesl
IL'giulI l~l. The average here corresponJ lo 500 samples rOl"
l'adl pj" ,l'\'erallanice sizcs. To invesligate lhis dominance in
a dtl,l'J" \\'a)'. lel us define the average size 01' the remaining
l"L'gioIlS.Ty:

\~hl'J"L'1/ is the Ilumher 01' rcgi()[lS in the Lliluleo lauicc. In tlR'
l',N' 1/ = 1. there is only (lne region so it does not makc scnse

111dL'liIlL' T'I'

In rig. I \Ve prescnl reslllts fOl" (T.I/) fOl' latlices 01' si/cs
.-)'-. (j. (; x (J. G x /. / x /. / x S. and S x S. \Ve repon ¡werage
\';dUL', (l\'l'J" 500 randolllly generall'd samples for eaeh si/c.
i\llh\lll.;!1l (7'/) dCLTca.-;cs rapidly \vith si!.e for slllall v;¡lues
,d S, [l1is hl'llavior stops very quiekly with ti clear indiea~
[iOI\ ¡"nI'saluration at ahollt (Ty = o.or)) as N gCls Iarg..:r. 1I
follo\\', Ihal the exislel1cc (lf OIlC dominant region and lllallY
\'l'IY ,lllall rl'gions is a facl in Ihese lattices.

Ergodic separation can he no\\" delInco in a lInique way hy
;lIldlOring 011lhe dominanl region. Since aH its honds are non
fl'llstratcd. Illlo'l'onnccted spins remain a¡ways solidly linklo'd
III l';ll.:h olllL'r in the grouno slate. Tilal is to sayo Illis regiull
Ill'l'd lo hlo'completely overturIleo in urder lo reach the mirlor
'lates in the conliguration space. whieh is extremely eostly in
ll'l"lIlS nf cllergy. So \\/c jusI pick any 01' Ihe two spin orienla-
liolls or IhL' dominanl region lo break ergodicity. The irnllle~
diatl' u1nscqllcnce 01' this is Ihal the 11lllll ber of spin sites in

FlCjl1lH: ~. Sile ordcr p"ramcter (/',,) as funclion ol" the fwctional
hond conh.'n( 01' thc Iargl'S! rcgion III the diluted latticc /'1' The
,l\'l'r;lgc \'alut:s reponed rm l',ll"h lallire ,iJ:e are wkcn wilhin e;l(h
rh;lllllL'l inlhc f ~I;lXI,.

thl' Iargesl rcgioll II! \vill cOlllrihllle wilh Do 1.0 lo the orlÍer
paraJllcter /1.'1 while aH lhe rCJllaining spins will not conlrihulc
"i!lce all lhc smalll'Sl regiolls will he o\"Crturned \vhen scan-
lling hall" uf [he cOllliguralion space. Namcly.
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In Fig. :1 we repon (JI,,) rOl" dillcrcnl challllcls within Ihc

Ilalural dislrihution nf 11'1 values. AII Ihe 500 samplcs gencr-
alcd rOl' cach lallil"c si/,e are l"tlllsidered in this distrihution.
Thc n¡;¡in lendellcy' is clcar: (¡)'I) ::::::::Ir!!. T!lis means that
lhc non-vanishing sile ordcr paralllclcr is strongly coupleJ

(.1)11> 1,
11'1 - ty
1'- I 'Ty =

Rl'I". ;\f¡>.r. "'1.'. ..u S I (1 I)I)X) 9 .~-9:,
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lo lile unfruslrated regions in lhe dilulcd laltice. Ho\Vever.
(JI~J) ~ I,y for h~1under 0.45, rOl" samples where Ihere is no
clear largesl unfruslralcd region. But for hu ove!" OA5. il is
cvident that one large rcgion takes ovcr and (Jly) > h!J'

Lasl comlllelll is verified in Fig. 3. where \Ve plot (¡}~I)
I'S. t 'l' Again \ve define cllannel over lhe illdependellt vari-
ahles as dOlle in Fig. 2. Clearly we find (¡'i') > Iy• e.\l~Cpl
al lhe two extremc points. This rcsult is consistent with the
idea that lhe only contrihutions lo 1'9 that are no! ci.lnceled hy
lhe corresponding mirror states, are Ihose cOllling fmm the
largest regioll, tlle olle that has heen used lO hreak l'rgodicily.

1. P.\Y. Andcrsol1. Mat. Res. 111/11.5 (1970) 549.

:2. (,. TOlllollse. Commllll. I'hys. 2 (1977) lIS.
:1. S.F Edw;¡rds anJ P.\\'. Andersoll . .I. Ph\'J. ¡:5 (197S) 965.

E.E. VogcJ /'1111.. ""."5. Rl'I'.Il-tI)(199-1-)60IH
~,. 1.F. Valdó l'( 01.. ¡l(l'eplcd for puhlicatioll ill/'hY'üm A (19l)X)

{i. E.E. Vogcl. S. COlllrcras. J. Cartes. amI I\1.A. Osmio. in Ml/g-
IlClislll. Ml/gl1l'tic Matail/Is (lml TJ¡l'Ír Ap¡J/ic(/lirms. l'dill'd

So as far as Ihere exisls a large regioll as N -+ 00, site
order paramclcr (¡Ir/) would 110t go lo O ir crgodicity is hro-
kell hy l'onsidering one 01' lhe two oricntations nf such largc
rcgioll.
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