CrnnHoBbLIE CTEKJ1a U UM NOoO00OHbIE:
NopsOoK, CKpbITbI B becriopsgke

* «CIIMHOBLIE CTEeKJIa» - MarHUTHBIE CIIJIaBbI TUIIA
Cu, Mn, wumu Au,, F, (x << 1) wu gpyrue
= z(ij)J(ij) S S,-
3Haku | cnyvaiiHbl !

[lpyron npumep - AUNONMN:
Vigo= (020 - 3n;2 Nip)/r;3

J(r) =J cos(2kFr)/r3

Kakoe cocTodHue npu HU3KuUX temnep. ?



OCHOBbIe HIrpeaneHTbl AN
nossBaeHNda “cnmnHcTekna’”

°* PpyCcTpaLMSA — T.e. KOHKYpUpYlOLLME
B3aMMOOEeNCTBUA

* becnopsaaoK - oTcyTcTBUE TPAHCAALIMOHHOWN
MHBapPMaHTHOCTY raMuiibTOHWaHa (XoTa NHoraa
MO>XHO 1 6e3 3Toro)

* KBa3unkJiaccmyeckoe npmnbnmxeHume -
3a4a4y MOXXHO OMUCbIBaTb Ha SA3bIKE
KJ1ACCNYECKOW CTaTMexXaHnKN (xoTa ObiBatloT U
cneunprnyeckn KBaHTOBbIE CTEK/a)



OCHOBHble 06BbEeKTbl (npumepsi)

MeTannnyeckme cnnHosble cTekNa (RKKY obmeH)
Cu, Mn, Au, Fe,  Ag, Mn_ Y, Gd,
HunanekTpnyeckmne CrMHoBbIe CTeKJla

EusSr,, S Eu,Sr,, Se MnO AlLO,;SiO, CdCr, . In.S,
IHnnonbHblE CTEKNa

LiHo,Y 1 F. (MarHntHoe) KCI:OH- KCI:.L (anekTpuyeckue)

IDNeKTPOHHbIe CTeKJ1a
INOXx (n ~ 10t8-101°); granular Al (a ~ 3-5 nm)
CBepxnpoBoadline ctekna

CummeTpun: Z -Ising, O(2) - XY, nan U(1) , O(3) - Heisenberg



CnnHoBOe CTEeK/O:

nepexon «samMep3aHnAa>
nepBad Teopua — S.Edwards & P.W.Anderson 1975

[<S5,>] =0 - He ©OM

i [<o,>] =[(-1)< S5, >]=0
1 - He AOM

OnoHaKO NoKaJibHble
<§,> =0

TIK] CocmosiHuUe 3asucum om
ucmopuu !!




V.Canella and J.A.Mydosh
Phys Rev B6, 4220 (1972)
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Cusp in x(T) and slow frequency-dependence
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FIG. 1. Real part X’ of the complex susceptibility X(@) as a function of temperature for sample Ilc (CuMn with 0.94 at. % Mn,
powder). Inset reveals frequency dependence and rounding of the cusp by use of strongly expanded coordinate scales, Measuring fre-
quencies: [, 1.33 kHz; ©, 234 Hz; x, 104 Hz; /A, 2.6 Hz. From Mulder er al. (1981).
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FIG. 2. Real part X' of the complex susceptibility X(w) as

function of temperature for Eu,Sr;_,S, at =117 Hz and var
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ous Eu concentrations as indicated in the figure. From Malett FIG. 3. Dielectric susceptibility of K g74lig,026Ta05 as a func-

and Felsch (1979).

tion of temperature. Labels stand for the measuring frequen-
cies, arrows for the maximum of the dielectric dispersion step
(49 K) and the stability limit of remanent polarization (56 K).
From Hdchli (1982).
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FIG. 1 AC snsceptibility of the » = 0.045 sample showing in-
phase y'( f) and out-of-phase ¥"( ) components. The spectra
were obtained at temperatures 77, 80, 83, 85, 87, 90, 95, 100,
110, 120, 140, 150, 170, 200, 230, 260, 300 and 350 mK from
left {blue) to right (red).
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FIG. 9. Inverse freezing temperature T ) of Bug4Srg ¢S

plotted vs logarithm of measurement frequency. Different sym-

bols indicate different measurement techniques. From Ferré
et al. (1981).



Spin Glasses: A transition in plain
ordinary space

J. Souletie Ann.Phys.Fr. 10, 69-84 (1985)

Abstract. — We are living a fascinating moment where theorists, faced to ample
experimental and (more recent) simulation evidence seem to have little choice other
than to accept that the transition which they described, actually occurs in our ordinary
space at 3 d We review here some of the experimental arguments, based on critical
measurements performed at equilibrium in the high temperature phase, and we stress
the similarities and the differences with superparamagnetism and with an ordinary
phase transition. By contrast, the slow relaxations which are observed in the low tem-
perature phase below T _ are interpreted in terms of activation over finite energy barriers
and would suggest little more than ordinary superparamagnetism. Some features of the
Fulcher law which describes the edge between the equilibrium and the non equilibrium
regimes, would allow to conciliate both points of view : it is the critical divergence of the
barrier heights, on approaching T'_ from above, which is responsible for the fact that the
system appears blocked at a temperature T ,(¢) slightly larger than T for all experiments
performed in a finite time .
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FIG, 12, Susceptibility data for samples with C =35
and 8 at. %, showing the curves for zevo field, and for
various applied fields.
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Fig 3. — The first, second and third order Curie constants a,, a,, a; involved in the expansion

of the magnetization in terms of pH/kT are represented vs. temperature in a semi-log plot .

on the right hand side. The insert shows a log-log representation of the a,(T) dependence. J . S O u I etl e
On the left hand side we have represented log a, vs. log a, (Ref. [24]).
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Determination of the critical exponents in the AgMn spin glass

J. Physique 47 (1986) 71-88
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Fig. 8. — M/H scaled to the linear susceptibility at T is
plotted versus reduced magnetic field (H/H,)?%* for three
different concentrations : m AgMn 0.4 % ; O AgMn 0.5 % ;

x AgMn 20.5 %,

My, /H oc H?P
2/6 = 0.64 + 0.02.

0=31+01.

a(T) oc (T — Tp™?
with
y = 2.1 £ 0.1 for the 0.5 at. 9, sample
7 = 2.3 £ 0.1 for the 20.5 at. % sample.

In conclusion we have shown that the nonlinear
magnetization of the AgMn system can be consistently
described by scaling theory with a nonzero transition
temperature. The values of critical exponents y=2.2+
0.2 and 6=3.1402=1+0.1 are obtained when the
analysis is restricted to the range of temperatures and
fields (T — T,)/T, < 0.1 and My /M < 0.1.

Deviations towards higher apparent values of the
critical exponents are observed outside this range.
These deviations explain the discrepancy between the
values of the critical exponents determined by Omari
et al. on CuMn and ours. Such deviations due to the
presence of regular terms are also present in the mean



Table II. — Measured values of critical exponents on various spin glass systems. Some of these values were directly
measured like y and & others are the result of the optimization of the scaling like ¢ and f.

System Technique nl'lf;ﬁiture i{mﬂ;ﬂﬂ: & b ¥ B Reference
(T =TT, NL
CuAlMn (1 % Mn) AC 0,13 29 +04 [1]
CuMn (2% Mn) AC. 002 |19 +01 [36]
CuMn (4.6 %, Mn) D.C. 1 0.5 1.15 £ 0.15 5+05|3.4 1 2
CuMn (0.25 % Mn) D.C. 0.7 4.5 3.5 1 [4]
CuMn (1 at. %, Mn) D.C. 2 0.5 4.4 334005 1 (5]
AgMn (10.6 % Mn) D.C. 04 0.1 1.540.5 13
AgMn (0.4, 0.5, 0.7%,,20.5%) | D.C. 0.1 0.1 31402 |33+02/22+02 |1 + 0.1 |this work
AuFe (1.5 7%, Fe) AC-3w 0.1 0.01 2+02 1.1+02 |09 [38]
GdAl (37 % Gd) 1 0.6 61+ 02 |4 +05 |38+0.5 21
GdAl (372, Gd) D.C. 0.16 0.3 57 402 | 33404 (274041 [39]
Fe,oNiyoPo AC-3w 0.3 0.15 52 4+ 05 23402 [8]
-AI;D,MDDSH}:{]S % Mn) ALC, 04 0.05 32 4.5 it+0l 14 +01 (7
CsNiFeF, D.C. 0.1 0.5 35 4.2 i+05 1.2 £001 9




PHYSICAL REVIEW B

STATIC SCALING IN A SHORT-RANGE ISING SPIN GLASS
43 8199 1991
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FIG. 4. logo(x,: /t?) vs log,ol H3 /t%*7). The figure shows
the data collapsing obtained using T, =20.70 K, y=4.0, and
B=0.54,



International Conierence on rrustration m condensed Matier (1CFCIVL) 1UF Fublishing
Journal of Physics: Conference Series 320 (2011) 012051 doi:10.1088/1742-6596/320/1/012051

Critical Phenomena in Long-Range RKKY Ising Spin Glasses

Yoshikazu Tabata, Satoshi Kanada, Teruo Yamazaki”, Takeshi Waki,
Hiroyuki Nakamura
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ANDREW T. OGIELSKI PHYSICALREVIEWB 31 7384
Dynamics of three-dimensional Ising spin glasses in thermal equilibrium
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FIG. 4. Static nonlinear susceptibility ¥sg for lattices of size
8%, 167, 32°, and 64% (left) is plotted in the scaling form (right).
The parameters are T,=1.175, v=1.3, and y=2.9.

Critical parameters of the three-dimensional Ising spin glass 2013

M. Baity-Jesi,!: % R. A. Bafios,** A. Cruz.** L.A. Fernandez.":* I. M. Gil-Narvion,” A. Gordillo-Guerrero,™?

D. Tiiguez.>® A. Maiorano,”* F. Mantovani,” E. Marinari,® V. Martin-Mayor,'-? J. Monforte-Garcia,*# 403

A. Muiioz Sudupe.! D. Navarro,” G. Parisi.? 8. Perez-Gaviro,>® M. Pivanti,” F Ricci-Tersenghi,®
1. 1. Ruiz-Lorenzo,'"? S.F. Schifano,!" B. Seoane, > A. Tarancon.*? R. Tripiccione,” and D. Yllanes®?
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y = 6.13(11)



ECTb 11 YHNBEpPCabHOCTb
KPUTUYeCKOoro nosegeHuma ?

Critical exponents in Ising Spin Glasses 1307.5247

P. H. Lundow! and I. A. 'C.‘-._-P_mel'}el]2 HeT !

PHYSICAL REVIEW E 92, 022128 (2015)

Universal dynamic scaling in three-dimensional Ising spin glasses

Cheng-Wei Liu,' Anatoli Polkovnikov,' Anders W. Sandvik,' and A. P. Young?

Study Model Exponent z
Pleimling and Campbell (Ref. [22]) +J 5.7(2)
G 6.2(1)
Nakamura (Ref. [23])* +J 5.1(1)
Katzgraber and Campbell (Ref. [24])* G 6.80(15)
Rieger (Ref. [25])* ¥ ~6
Ogielski (Ref. [26]) +J 6.0(8)
Belletti et al. (Ref. [27]) +J 6.86(16)
This study +J 5.85(9)

G 6.00(10)
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FIG. 3. Neutron spin-echo data from Ref. 11 on Cu-5 at. %

Mn at two temperatures just above T,

=28.5 K. The curves are

stretched r;xpon:ntlal fits with ﬁ =(.33 and 0.37.

I 25 L | T T | L] LI T ' L L | LI | LI | LI | T i
I . . ]
L . i
- N b ]
L - - .
= 075 -
= - . g
= - -
gt . :
4 L ]
€ O5C -~ ]
[ N ” ]
0.25[ B
0 Lo oo o I v o b s v o gt e v s v e ale e g aal
o] I 2 3 q 5 6
TEMPERATURE T
FIG. 11. Temperature dependence of the exponent § defined
in Eq. (13). The arrows mark the spin-glass transition tempera-
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FIG. 10. Correlation functions g{r) shdwn before in Fig. 7
are converted into a plot of — r/lng (¢) vs ¢ on the log-log scale.
Data points would appear as  horizontal lines if
glr)—expl —1./7); this is not seen here. Asymptotically straight
lines seen in the graph indicate the Kohlrausch behavior
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Hesprognyeckoe noseneHue

Flux Trapping and Superconductive Glass

» in LazCu04_}.:Ba
T (a) 1 K. A. Miiller, M. Takashige,® and J, G. Bednorz

Spin glass CuMn
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FIG. 7. Static susceptibilities of CuMn vs temperature for 1.08
and 2.02 at. % Mn. After zero-field cooling (H <0.05 Qe), ini-
tial susceptibilities (b) and (d) were taken for increasing tem-
perature in a field of H =5.9 Oe. The susceptibilities (a) and (c)
were obtained in the field H =5.9 Oe, which was applied above
Ty before cooling the samples. From Nagata et al. (1979).
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CNMHOBOE CTEK/10: «CTapeHune»
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Fig. 1. a. Thermo-remanent magnetization M, normalized by the field-cooled value
Mjec, vs. t(s) (log,, scale) for the Ag : Mng ey sample, at T = 9K = 0.87T,. The
sample has been cooled in a 0.1 Oe field from above Ty = 10.4K to 9K; after waiting
tw, the field has been cut at ¢ = 0, and the decaying magnetization recorded.

OTO HAUKOIrda He KoH4YaeTcy !




Temperature Variation Experiments

X" (a.u.)

0 400 . 800
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Fig. 4. Out of phase susceptibility x"(w,t.) of the CdCry:MngaS; sample
(T, = 16.7K) during a temperature cycle. The frequency w is 0.01 Hg, and ¢, is the
time elapsed from the quench. The inset shows that, despite the strong relaxation
at 10 K, both parts at 12 K are in continuation of each other.



[ NaBHbIe BOMPOCHI

ECTb 1 yHNBEPCanbHOCTb B TOYKE rnepexona, u
KakK HAaUTN MHOEeKCbl ?

Kak MoHMMaTb He-3KCMNOHeHUWasibHOe noBeaeHne
npn T>T, ?

Kak onncaTb napamMeTp nopsanka, BO3HUKaoLWMNIA
npn T<T, 7

O4yeHb MefleHHasa penakcaumns.

3aBUCUMOCTb OT UCTOpUM (HEeT TepMoanHaMunKn!)

CTapeHune (3aBUCMMOCTb OT CKOPOCTUN OBUXXEHUS
Mo TpaekTopun).
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