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Ising model In anisotropic dipolar
systems

Large spin, strong lattice anisotropy
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Dilution: quantum spin-glass
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-Thermal vs. Quantum disorder
-Cusp diminishes as T lowered



Hyperfine interaction: electro-

nuclear Ising states
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Hyperfine interaction: electro-
nuclear Ising states
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Hyperfine interaction: electro-
nuclear Ising states
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Phase diagram — transverse
hyperfine and dipolar interactions
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Phase diagram — significance of
offdiagonal dipolar interactions
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Phase diagram — significance of
offdiagonal dipolar interactions
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Other dilutions
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Including off-diagonal dipolar:
Re-entrant H. as function of x
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Offdiagonal dipolar interactions
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Spin glass, droplet model, Imry-Ma

BMY: Dipolar Ising glass equiv. to short range model

FH: Droplet model

Ground state: ‘W>

Energy to form a droplet: « j*

Longitudinal field — energy gain to flip a droplet: «

é; oc (.J /h)1/(3/2—¢9)

Hyr

SG

PM

{a)

d/2

(b)

PM

SG-—'-\




Dipolar Ising glass — significance of
the offdiagonal terms
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Dipolar Ising glass — significance of
the offdiagonal terms
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Dipolar Ising glass — significance of
the offdiagonal terms
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Consider finite size VA Each change GS energy.
droplet, N spins " Together split degeneracy
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Ising ground states



Ising ground states



Transverse field, offdiagonal dipolar
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Transverse field, offdiagonal dipolar
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Droplet size — coherence length
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Diminishing cusp In nonlinear
susceptibility
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JN scaling

—_— X=1/12=8.33%
; = _ 3x3xN/3

X =3/16 =18.75%
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Diminishing cusp In nonlinear
susceptibility
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Remarks

* Nuclear spins — part of the system

« Off-diagonal terms can not be neglected
because change symmetry of the system!

o Effective spin half — not always sufficient




Conclusions and Implications

Experiment: Crossover field, n.l. susc.

LiIHoY, F: Significance of hf and offdiag.
dipolar interactions. Full model.

Dipolar Ising SG — finite § at any A, nature
of crossover.

LIHOY,. .. Framework for other dilutions
Ising spin glasses — How can observe

QP

? Other systems with dipolar

Interactions and randomness
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