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\\'e inve"II!!;l[e [he hy"lcrcsis curve of a 2D RnmJom Bond Ising ~lodel (RBI~1) wilh ¡¡¡ui. (AFl ilml l'clromagnclic (F) couplings at l'<JIl.
n'nlrallOll Ilf :ío',; e¡KIl. The hys[crcsis curve" "l1ow magne[ilalioll jumps Oirsl order Iransi¡iol1s) al wcll Jelinl'J magnelíc ticlds inuicating
ltlp(ll(l~ic;tl hlockíng clfcCls caused hy fruslralion domains in lhe systclIl.

A:I'I'\l'Iml\. hin!! modeL magnelic syslcms: hysleresis

Se illH'"llg<ln cun'a" de hysleresis en clmodelo de Ising en 2D con enlaces aleatorios -J:../ elll'llnn'lltracinll de 500/('. Las curvas de hystéresis
llllle~[r;1ll~dllm ~1Ila magnelización (Iransicionl's de primer ordcn) ;1campos hicll ddinidus Eslc fl'llt'lllll'no es una l'{llls.ecucncia de hloL¡ueo
lopuklJU!!ico de dominios en el sislcma. dehid;l a 1;1fruslracilÍn liL' los dominios del sisk'1l1d

I':\es: 75.:í0.Pa: 75..tO.~I!!; 75.60.-d

1. Inlrncluction

RL'l'l'lllJy 11. :.!]. i" was found lhal thc isothcnnal hyslcrcsis
IIJop" .\/ 1'l'f".\'IIS 1/ 01" somc site-oiluled antiferrolllagnclk
~¡lInpll's sl1m\' a sL'rics of wcll ocfinco jllltlpS, rOl" tcmpera-
IUl'l:S IWJllW Ilw Néel lempcralllrc (TI\" ;:::;::10/,"). Magnl.'li-
¡al ion ,iUlIlPS are associalco wilh Ihe so called Barkhallsell
l' Ilect I:L .11. i.e'. Ihe noise gcncrateo when a dOlllain wall
.iUlllP~ erralically I'mm one pinneo conliguration lo lhe ncxl.
Thl' ahrupl amI slochastic response 01"Ihe llIagnclizalion lO
Ihe l'\[CrnaJ licld arises from the intrilH.:atc characlcr 01' inlcr-
;1L'liom. lIlaglll:loCJastic propertics and Jcfcl'IS in lhc systclll.
:\ del;¡iled ....tudy 01"this hchavior appears lO bc very diflieult.
TItL' ill\l ....ligation 01 thcsc alhermal a\'alanches ha\'e hceollle
;111inlL'J"esling suhjeet in Ihe physics 0'- disordercd systclll. A
silllple \Va)' lo sludy Ihis elfce! is 10 introduce sume disor-
lkr on sil1lple 1Il0dcls, Selhna and coworkers j51 considcrco
;1 ranliolll-licld (sing model (RFIM) at zcro telllperature lo
'!udy [Iw IlIagllL.tiz<ltioll as a funclioll nI" cxternal llIagl1L'lic
lil'ld, Thl' ohtailll'd hyslcn:sis loops evidcnce lhe possibilily
(lf Iw\'ing rClurn-poinl lllCIllO!"Y.They also sllow Ihat c!ltl!lg-
in),.'tlil' í1111tlUIlI01' disonler. Ihe hysteresis cicle c!langes I"mm
a pL'rcoJaling avalallehe lo a situation wllcrc aH avalanclles
;¡rl' slIlal!. TIlL' pllase lransilion takes place al a nitical \'altlc
\JI di ...ordcr for which the a\'alanchcs havc !lO characteristie
knglll scall'. i\lternali\'cly. Ihe Illagnelic licio dependence nf
¡l randolll hond Ising Illodel (RBIM) al I.ero IClllperalure was
in\'l'sligatL'd by Vi\'es and Planes [GI. They introduce disor-

del' hy changing lhe widlh of the Ciaussian prohahility dis-
Irihulio!ls fO!"Ihc spin-spin inleracliofls JI). It induces slTlear-
ing of the lirst-(H"l!cr fcrromagnctic reversal process. similarly
as ohtained in the RFI!\lease. A nilical amount 01' t1isorder
causes Ihe disappcaralll:c 01"infinite avalanchcs at Ihe rever-
sal Iransition. \vhicll Ihen hecollles 01"second urder. Again. al
lhe critical disonlcr. avaJanches on aH Icngh sGIles were oh-
la¡!led. Contrary lo lhe RFIM casc. llO relUrn-poinl memory
properlics are llhselved .

In (his papeL alloll1cr secnario of tlrst-ordcr phase Iran.
silion. LHH.lcranother kind nI" disonler. is presenled. Thc ~./
Ising J1wdeJ (RBI~1) \\'ith cqual conccnlration oí' hontls. has
heen sludicd. Tlle disorder is il11rotlueed distrihuling ran-
domly Ihese hond" lhrough the laltice.

2. i\IodeI

\Ve perl"ormed t\lontccarlo silllulalions 17J ror lhe RBHvl in
externaJ Illagnelic lield 11 tlll a (¡ x G square laltice with pc-
riodie hOllndary conL!iliolls, The Hamiltonian ()I"this systelll
is:

'1 = L.I,,:->,:->,-IJLS,.
1,./

The lirst Sllm c\lends ovel all pairs 01" !learest neighhors.
Si = ::!: 1 rcpresen!s lhe Ihird componenl 01' Ihe spins al sites
i and j rcspccti\'l'ly. Hall 01" lhe cxchangc inleractions .11)'

randomly chosen (l'{lIlCenlrali{1I1/) = 0.5). lake Ihe \'aluc -.1
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FIC;URE l. FielJ cooled. isothermal hysteresis loor for onc sampJc
ora G x G latlice in ¡he -i:.J RBIM. al T = 0.1 J. Thc arrows shov •.'
lhe hiswry foJlm ••.ed by lhe external magnctic l¡cld D.

(i"crromagnetic coupl ing). whilc lhe otiler hall" takc lhe valllc
+.1 (:lIllifcrromagnetil: coupling). n rcprcscnls the exlCf-

lIal magnctic lIcld Illcasurcu in units uf .J for dilllcn-
sionlcss spins. Ellscmhlc avcragcs werc calculalcd llsing 500
samplcs oí" randomly distributcd bonds. Thc ground state
propcrtics 01' l!lis moLlel in abscnce 01"external ticld has beell
cXlcllsivc!y studicd in lhe litcratuTc [8]. This mooel rcpre-
scnls lhe Edwaros Anderson model 01' a spin glass [91. It is
knowll that in a squarc lattice ami whcn p > ]Je, this sys-
Icm undcrgocs a spin glass lransition al T = O K. The crit-
ical value is around Pe ~ 0.1;), and il is associatctl wilh
(he pCl'colation 01' nonfrustrated "plaqucttes" r 101. In three-
dimcnsional -i::../ !auices it is accepted Ihal they hehave as
spin-glasses under T = 1.175 in unils of ./ 1111. However, in
Iwo dilllcnsions theTe is still sOllle cnnlroversy whethcr or nol
Ihis transilion happens at linite lcmpcrallire 1121. Therefore.
ir is important lO cstahlish whether or nol lhere is hysteresis
for lhesc ohjcCls and which are its Illain propcrlies.

r:1GURE 2. F¡eld CfJoled. isolhermal hystercsis loops of Ihe 6x6
lalticc fOl" lhe i:..l RBltv1. The reduced magnclization ni is rhe av-
erage value over 500 samplcs. The dollcd line rcprcscnt rhe rcsults
;11 T = 0.1 .1 (lo\\' lempcrature) amllhe dashed-dOlted [ine Liespicls
Ihe rcsulrs t()j" T = 0.;).1 (high rernpcralure). The arrows show rhe
hislory followcd hy Ihe rnagnelic neld EJ.

lattice is showll in Fig. 1. IIcre we sec clcarly jumps in Ihe
Illagnetizatioll at nelds f3 = O. B = :!::2 J and B = :1:4 J,
amI also hysteresis.

In Fig. 2 we show the results of Ihe average magneti.
I.atioll 11I 01' Ihc systelll as a function 01' external field n.
The /11 valuc was calculatcd as the ensemble average avcr
Ihe 500 samplcs. ror r = 0.1.1 (L!otlcd linc anL! 1¡lIeL!
ciretes) \ve ~cc magnetil.atioll jUlllps at (hc same tields as
in Fig. [ (IJ = (),:2.1 and ,1.1). FOl" a higher temperature
casc, T = {J.;).I. (dashcd-dotted linc) the syslcm presellts a
smooll1 hystercsis curve whcre (he jumps have dissapcared.
The jUlllps a( low telllperalure rol' the ensemble average are
Ihe lingcrprinl of Ihe llrst oroer (ranSilion.

3. Results
4. DisclIssion and conclusions

Monlecarlo silllulations using 360000 sleps for each system,
\vere uscd lo calculatc the magnctil.ation 01' the syslem. Rc-
suhs 1'01'the reduecd magnctization m dellned as:

1 N

I1I=NLSi.
i=1

as a funclion of the external magnclic lield are illustralco in
Ihe foltowing IIgures.

Tlle magnetization "1IJ as a function 01' external Illagnclic
licld at T = 0.1./, considering one particular configuration
01' bonds (a salllple) of Ihe 500 samples in a N = Gx G square

Discolltinllilics in :1:.1 Ising I;ltliees has hcen already oh-
servcd hy Vogel amI Cancs [13]. They sludied the salllc sys-
tem, as prcsclltcd abo ve, lindel' an uniform slatic magnclic
¡¡cid ami caicu1arcd ellergy. Illagnetizalioll and corrclation
al I.ero telllpcrature. AH magnitudes presenl discontinuilies,
cvidencing of (opological pillning in differenl lattices. The
jumps al [J = (J. [J = 2.J ami [J = 4.J appcar lo he a
gencral propcny nI' Ihe :1:.1 Ising model. Prom a simple poinl
of view, the local liclds al a parlicular sitc can lakc only the
valucs -4.1. -:2.1, (J, 2.1, and 4.1 for any random distribu-
lion 01' honds (any 01' the 500 samples). Consequcntly, we
expecl, al these lield values, macroscopic spin avalanchcs
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(magnclilOltioll jumps). irrespeClive 01' Ihe lallicc siJ.c. in Uf-
lkr lo fcach lhe true ground state for a givcn magnclic licld.
al ICl"iltl'lllpcralurc.

CUlTClllly \Ve are ill\'cstigating lhe latlü.:c-sizc dcpcn-
dl'lllT 01"lhis jUlllPS. as well as Ihe magnclil.alion values al
[!lose licld. \Ve can arguc tha1 a triangular [alticc. w'ilh ()
llL';lI'l:sl llcig.hhors. \vill sho\\' magnclizalioll jumps al 13 =
ti. :f:::2./.:t.I.I and :iG J. as a conscqucncc 01"lhe possihlc
cxchangc liclds 011 Ihe sites. Our rcsult call he L'oll1parcd lo
lha! nI" Vives ano Planes IG]. in lhe scnsc tha! we are lIsing
a hillHld;1I distril1ution 01" hnnds. instcad 01' a Ciaussian dis-
Irihutioll in a fcrromagnctic moJel. Furthcr calculatiolls are
Ill'CeS"ary (() cslahlish ir our moJel shows lhe rcturn-poinl
Illl'11l(lr~ Fd: thi.;, \Vas not (he ca.;,e for lhe sYSICllls studied h)
\'ives and Planes.

\\'e l"tlndudc that the -i:..J RBIM with equal concentration
of I"cITolllagnclic and antifcrromagnetic honds in a squarc lat-
Iil'C pn:scllls. as a conscqucnce of IOpological pinning. mag-
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netizalion jllmps (l¡rsl ortler lransilions) al low tcmperaturcs
at heltls lJ :::::ti. :::::2 ./. and lJ = ::1:.1 .J. The jumps arise \I,'hell
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