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VOLUME 77, NUMBER 5 PHYSICAL REVIEW LETTERS 29 JurLy 1996

Quantum Critical Behavior for a Model Magnet

D. Bitko and T. F. Rosenbaum
The James Franck Institute and Department of Physics, The University of Chicago, Chicago, Illinois 60637

G. Aeppli

NEC Research Institute, 4 Independence Way, Princeton, New Jersey 08540
(Received 18 March 1996)

The classical, thermally driven transition in the dipolar-coupled Ising ferromagnet LiHoF, (T, =
1.53 K) can be converted into a quantum transition driven by a transverse magnetic field H, at
T = 0. The transverse field, applied perpendicular to the Ising axis, introduces channels for quantum
relaxation, thereby depressing 7.. We have determined the phase diagram in the H,-T plane via
magnetic susceptibility measurements. The critical exponent, y = 1. has a mean-field value in
both the classical and quantum limits. A solution of the full mean-field Hamiltonian using the
known LiHoF, crystal-field wave functions. including nuclear hyperfine terms, accurately matches
experiment. [S0031-9007(96)00753-3]

()
7))
©
LL
)
©
0
)
C
Q
RS
7))
C
(©
e
I_
1
7))
(©
—
)
e
©
—
()
(OR
=
o
|_
(72}
el
©
m
O
©
©
9
R
LL




Tecnologias Fisicas

QPT

Fisica de Bajas Temperaturas - Transiciones de Fase
N




QPT

ecnologias Fisicas

ase ap sauoloisuel | - seinjeladwa | seleg ap eaISIH




ecnologias Fisicas

QPT

()
7))
©
LL
)
©
7))
)
C
Q
RS
7p}
C
(©
e
I_
1
7p}
(©
—
)
e
(C
-
()
Q.
&
()
|_
7))
ol
©
m
O
©
©
9
R
LL




ecnologias Fisicas

QPT
(D)
(7))}
(qv} J
LL //
(b}
© //
® s |
0 L}
S S
9 \\ o Sﬁﬁ&k
U) )
% ‘\ lo 10K
l_T ‘Ez. deblee ngwoj/?- ||>
» \Tf"f’,_,.'
©
3
5 * Tsg .7.? ’De,um A deblle “fmot Ml ceF
& , ‘5/2 |§z
- |P:> = 2~ ar163.2 ;7 Jail® -4
% T 4 i / Al
ol L - 2 S 05 CAs
D | Aeter pnivan
m —
% -3’“ %xy 3)@
S 9z |97 I I
L: j;x 327 82&




Tecnologias Fisicas

QPT

PHYSICAL REVIEW B ' VOLUME 18, NUMBER 7 1 OCTOBER 1978

Critical behavior of the magnetic susceptibility of the uniaxial ferromagnet LiHoF,

P. Beauvillain and J.-P. Renard
Institut d’Electronique Fondamentale, Laboratoire associe au Centre National de la Recherche Scientifique
Batiment 220, Universite Paris-Sud, 91405 Orsay Cedex, France

I. Laursen
Department of Electrophysics, Building 322, The Technical University of Denmark, DK-2800, Lyngby, Denmark

P. J. Walker
Clarendon Laboratory, Parks Road, Oxford, United Kingdom
(Received 21 February 1978).

The magnetic susceptibility of two LiHoF, single crystals has been measured in the range
1.2—4.2 K. Ferromagnetic order occurs at T, =1.527 K. Above 2.5 K, the susceptibilities paral-
lel and perpendwular to the fourfold c axis are well mterpreted by the molecular field approxi-

ground state. The dlpolar contribution to the magnetic interaction TS=abg mag-farger
than the exchange one. Near T,, the parallel susceptibility is well described by the classncal law
with logarithmic corrections theoretically predicted by Larkin and Khmel’mitskii for the uniaxial
dipolar ferromagnet or by a power law with a critical-exponent value y =1.05 rather close to 1.
The upper limit of the critical region is (T — 7,) /T, =1.1 % 1072,
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FIG. 2. Reciprocal experimental parallel susceptibility
per gram 1/X" vs temperature for a spherical sample. The
solid line represents the theoretical curve 1/X["=1/X"— q,
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FIG. 1. Divergence of the real part of the magnetic suscepti-
bility (filled circles) and sharp increase in the imaginary part
(open circles) at the thermally driven ferromagnetic transition
in LiHoF,. Inset: Mean-field critical behavior with y/ = 77
and best-fit value y = 1.00 * 0.09 (line).
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