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Experimental Phase Diagram
f D. Reich et al PRB 42 4631 (1990). T

D. Bitko et al PRL 77 940 (1996).
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Experimental Properties
f S. Ghosh et al Science 296 2195 (2002). T

1

S. Ghosh et al Science 296 2195 (2002).
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The model magnet LIHOK,

Quantum annealing, Science 284, 779 (1999). T
Quantum tunneling Nature 413, 610 (2001).

Spin Oscillation, Science 296, 2195 (2002).
Entangled quantum states, Nature 425, 48 (2003).
Random eld magnet, Nature 448, 567 (2007).

Stong Interactions in Low Dimensions, Quantum Ising Phases and
Transitions in Transverse Ising models, Quantum Phase Transitions,
Spin Glasses and Random Fields.
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Effective model

o .

The magnetic properties of LiHoF, originate in the Ho3*
lons.

Partially lled, shielded 4f 1°

shell. Hund's rules : °Ig !
2J +1 = 17 -fold degeneracy.

Crystal eld lifts degeneracy, ex-
cited state 11 K above doublet

hjJ4 1= h jJ4 i

h; j3%Y}; 1 =0
Ising model with renormalized g factor
m*=g._gJ*=gj B *
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Effective model

o .

Quantum mechanics turned on with transverse eld,
splits degeneracy

Project J operators
onto two-dimensional

ace. J = C +
C (Bx)

= X)Y.Z

To 1% accuracy P P
Hsing = z(gL 5 Czz)? i6 LZZ : Z+ 1( Bx) i §
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Dipolar Interaction

1 X  r? 3Zi12 X
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Angular dependence of long-range
Interaction leads to a complex model.

Luttinger and Tisza (1946)

A demonstrated that ground state on
l l cubic lattice orders FM i z direction
N and AF in the plane.

They also found FM ground state In

long thin samples of FCC and BCC
lattices.

L Both lattice structure and sample shape in uence J
possible phases.
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Dipolar Interaction

=

Grif ths (1968) argued free energy independent of
sample shape.

Larkin and Khmelnitskii (1969) showed that the upper
critical dimension d = 3 for uniaxial dipolar magnets.

Co |n%j%j
t YIntjz; (t> 0)
M | tz Intj3: (t< 0)
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Fundamental Question

We have a series of interesting experiments on LiHoF T

We have a well-established model for LIHOF
Shall the twain ever meet ?

Goal: Find prototype magnet with a microscopic theory.
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Mean- eld theory for LIHOF 4
B o

X
Te = Jij = 016K
sphere
> P
TC: Jij = 2:41K
long cylinder

Since T. =1.53 K this indicates that summation should be
done over cylinder.

Monte Carlo simulation yields T, =2.04 K.
Difference can be explained by exchange term:

1 X
Hex = =Jex |Z 2

B T N
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Phase Diagram
f Phase diagram | | ‘ ‘ T
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Good, but not quantitative agreement.
Large deviations already for small transverse eld.
Numerically no spin-glass phase
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Susceptibility
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Experimental data not in agreement.
We do not observe T %Sor exp( T=Tp).
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Magnetization
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No experimental data available.
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Spin-glass transition ?

0.2
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No numerical evidence for freezing.

Strong experimental evidence [Reich et al. PRL 59
1969 (1987)]

No experimental evidence [Jonsson et al. PRL 98 J
256403 (2007)]
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Conclusion

Accurate Monte Carlo calculations of model for LIHOF T
are possible.

Different experiments do not agree very well.
Numerical puzzle: Chax / X;Tcw / X;Tg=0
Answer: Perhaps
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What next ?
-

More experiments (under way).
Include hyper ne coupling in simulations.
Continue search for glass phase.
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