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Introduction to spin-glass models

@ Competing interactions, disorder, and frustration

@ Uniaxial magnetic materials: Fe;_4iMn,iTiO3 and
Eu;_«BaMnO3
@ Neural networks
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Introduction to spin-glass models

@ Competing interactions, disorder, and frustration

@ Uniaxial magnetic materials: Fe;_4iMn,iTiO3 and
Eu;_«BaMnO3
@ Neural networks

@ Edwards - Anderson bimodal model

@ Ferromagnetic, spin-glass, and paramagnetic phases
@ Multicritical point ; Reentrant behavior

@ Anisotropic cases of the Edwards - Anderson bimodal
model

@ Transverse and Longitudinal anisotropic models.
@ Phase diagrams ; Universality aspects ; Ground-state properties
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3D Edwards - Anderson bimodal model

@ 3D Edwards - Anderson (EA) model

H=- Z JijSis;
iy

@ exchange interaction +J

@ bimodal distribution of uncorrelated Jj

P(J)) = po(J; +9) + (1 - p)s(J; — )

p: probability of nn spins with antiferromagnetic interaction
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3D Edwards - Anderson bimodal model

@ 3D Edwards - Anderson (EA) model

H=- Z JijSis;
iy

@ exchange interaction +J
@ bimodal distribution of uncorrelated Jj
P(Jj) = ps(J; +J) + (1 = p)6(J; = J)

p: probability of nn spins with antiferromagnetic interaction

@ 3D Edwards - Anderson bimodal (EAB) isotropic model:
(J=1;p<3)
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Phase diagram of the EAB model

F-P, SG - P, and F - SG transition lines of the 3D EAB model
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Phase diagram of the EAB model

F-P, SG - P, and F - SG transition lines of the 3D EAB model

Re-entrant F - SG transition line
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3D anisotropic EAB models
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3D anisotropic EAB models

@ A more general anisotropic hamiltonian

H = —ZZJ’?S,‘SJ'

u iy
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@ A more general anisotropic hamiltonian
u
He-3 3 45
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@ random exchange +J¥ on the xy planes and +J? on the z axis
o bimodal distribution of J,.;’

P(J;) = pud(Jj +J) + (1 = pu)s(Jj = )

py: prob. of spins ij having antiferromagnetic interaction

@ EAB:F =Y =J(=1);p=p,=pxP< %
@ Transverse anisotropic: J* = J¥ = J(=1); p; = 0; pyy < %

Tassos Malakis (Univ. of Athens) 3D Anisotropic Spin-Glass Models 5/20



3D anisotropic EAB models

@ A more general anisotropic hamiltonian
H=-3 Y s
u i
@ random exchange +J¥ on the xy planes and +J? on the z axis
o bimodal distribution of J,.;’
(‘J,;J) = pué(Ji;I + ‘]u) + (l - pu)é(‘]i;l - Ju)

py: prob. of spins ij having antiferromagnetic interaction

@ EAB:F =Y =J(=1);p=p,=pxP< %

@ Transverse anisotropic: J* = J¥ = J(=1); p; = 0; pyy < %
<

@ Longitudinal anisotropic: J* = J¥ = J(= 1); pxy = 0; p; %

5/20
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Anisotropic spin-glass models on hierarchical lattices

Global phase diagrams at K, /Ky, = 0.5 (K = J/T):
Re-entrant and forward F - SG transition lines

xy Xy
0 02 04 06 08 0 02 04 06 08 1
5 T T T T T T T T 5
- 0.50 )
. 0.70 pxy’pz p,=0
0.25
0
23 348 358 368 3 =z

Figure: Guven et al, PRE (2008)

Tassos Malakis (Univ. of Athens) 3D Anisotropic Spin-Glass Models 6/20



Anisotropic spin-glass models on the simple cubic lattice

Transverse and longitudinal models at K; /Ky, = 1:
Re-entrant and forward (?) F - SG transition lines
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Monte Carlo method: Parallel Tempering
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Monte Carlo method: Parallel Tempering

@ A Monte Carlo method using M canonical simulations (T, ;
Xm)
o m=12,..,M(T; is the lowest T, Ty is the highest T)
@ Ateach T, the replica x,, is simulated by Metropolis algorithm
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Monte Carlo method: Parallel Tempering

@ A Monte Carlo method using M canonical simulations (T, ;
Xm)
o m=12,..,M(T; is the lowest T, Ty is the highest T)
@ Ateach T, the replica x,, is simulated by Metropolis algorithm

@ Exchanges of replicas i and j (1 and 2) are attempted
@ The exchanges are accepted with acceptance probability:

Pac = p(E1, Th © Ez, T2) = min [1,exp (ABAE)],
with

AB=1/T,-1/T1; AE = E>; — E;

@ Selection of temperatures: constant acceptance exchange
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Finite-size scaling approach
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Finite-size scaling approach

@ Order parameters: M = NZ, ;Siand g = NZ, 13,“sﬁ

@ Finite-size anomalies: [Z]* (Peaks of [C], [x], etc.)
o Temperature shifts: T; = T, + bL™”
@ Magnetic susceptibility: [y, ]* ~ L

° 6Ir})<}2/12> _ <2\7;:I> — (H): [(a|n<M2>)L]* ~ LY
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Finite-size scaling approach

@ Order parameters: M = NZ, ;Siand g = NZ, 13,“sﬁ

@ Finite-size anomalies: [Z]* (Peaks of [C], [x], etc.)
o Temperature shifts: T; = T, + bL™”
@ Magnetic susceptibility: [y, ]* ~ L
2 2 2 *
° dIn(M*) __ _ (M°H) _ <H> [((ﬂn(M ))L] - Ll/y

oK Mzy

[(ZH)]

@ Binder cumulant: U =1 - ADE

o Zis<M>or<gq>
o Crossing behavior Uy and Uy

o Data collapse: Uz ~ f[(T — T;)L"]
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Anisotropic spin-glass models: F - P transition line
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F - P transition line
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F - P transition line

*
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o y(ranverse) — g 683(3)
° V(Iongitudinal) — 0.687(17)
o v(RM) — 0,6837(53) [Ballesteros et al., PRB 62, 14237

(2000)]
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Anisotropic spin-glass models: SG - P transition line
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- P transition line

Transverse at py, = 0.5

Longitudinal at p, = 0.5
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SG - P transition line

Transverse at pyy = 0.5 Longitudinal at p, = 0.5
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@ Isotropic: T, = 1.109(10) ; v = 2.45(15) [Hasenbusch et al.,
PRB 78, 214205 (2008)]

@ Transverse: T, = 1.02(10) ; v = 2.38(20)
@ Longitudinal: T, = 1.77(8) ; v = 2.381(8)
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Anisotropic spin-glass models: F - SG transition line
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Longitudinal model: F - SG transition line
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Longitudinal model: F - SG transition line
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Forward behavior of the F - SG transition line

Tassos Malakis (Univ. of Athens) 3D Anisotropic Spin-Glass Models 15/20



Summary of estimates for the

Collapse of the 4th-order Binder’s cumulant

Um Uq

Pz Tc 1/v Tc 1/v
0.15 3.993(2) 1.465(9) 3.995(2) 1.46(2)
0.25 3.611(2) 1.464(12) 3.6128(9) 1.46(4)
0.35 3.172(2) 1.43(9) 3.166(9) 1.46(4)
0.4 2.90(2) 1.46(21) 2.880(12) 1.47(12)
0.425 2.74(3) 1.46(42) 2.705(33) 1.46(5)
0.45 2.41(12) 0.86(12) 2.43(5) 0.67(12)
0.475 2.00(15) 0.42(8)
0.5 1.77(8) 0.42(5)
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Ground-state study
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Disorder and Frustration
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Disorder and Frustration
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@ Universality between models: stochastic disorder and
frustration.
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@ Universality between models: stochastic disorder and
frustration.

@ Isotropic and transverse models at their symmetry points:
have the same global quantitative frustration features, the
same critical temperature and ground-state energy.

@ Longitudinal anisotropic model: weaker global
guantitative frustration features and a possible forward
F-SG transition line.
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