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In the approximately four years since the first review on this subject appeared, a large amount of
additional work—both experimental and theoretical—has been accomplished in the field. In an effort
to keep the original review experimentally current, the compilation of resistivity, susceptibility, and
specific-heat data that was presented in the original ten-page Table II is herein updated with
approximately 60 new systems and 70 new references, adding eight new pages to the compilation. It
is worth noting that approximately 15% of these new entries in fact predate the original review’s
publication; certainly the literature searches employed for this update will also have missed work
worthy of inclusion.

DOI: 10.1103/RevModPhys.78.743 PACS number�s�: 71.10.Hf, 71.27.�a, 75.20.Hr

The materials properties in this update in tabular
form—with, unlike the original review, no accompanying
discussion of the various systems—are only a starting
point for any serious investigation. An in-depth reading
of the original reference�s� and a consideration of the
limits of the cited results listed in this short update is
perforce left to the reader. As stressed in the 2001 re-
view �Stewart, 2001�, one important limit is that expo-
nents determined over less than a decade of tempera-
ture �the case for more than half the systems in this
update� must be viewed as indicative only. Also, materi-
als issues �including disorder, reproducibility, and pos-
sible extraneous second phases� are very often impor-
tant in these systems. Thus results for systems
investigated only once �as is the case for the majority of
materials reported here as well as in the original review�
may also prove changeable with further work.

The systems reported represent a breadth of the field
of non-Fermi-liquid �NFL� behavior. Some which al-
ready appeared in the original review—including
Ce�Ru1−xRhx�2Si2, Sr3Ru2O7, and YbRh2Si2—have con-
tinued to reveal interesting physics; these new data are
included here. The original review included three sys-
tems based on Yb and none on either Pr or Np; the
present update includes five new Yb-based systems as
well as extensive continuing work on the already re-
ported YbRh2Si2, two Pr-based systems—including the
first work on the important frontier of sub-mK tempera-
tures, and a preliminary report of NFL behavior in the
Np analog of the UCu5−xPdx system. In the original re-
view, only one system was reported where the NFL be-
havior was coexistent with magnetic order; this update
includes data on six new examples. As before, the NFL
behavior is lower in temperature than the magnetic or-
der rather than above as would be straightforward in the
theory; see, e.g., Fig. 2 in the original review. The other
subfield of NFL behavior that has also enjoyed an accel-
eration of growth is where magnetic field, rather than
doping or pressure, is used as the tuning parameter: the
original review reported six such systems while the
present update contains nine new systems as well as fur-

ther work on Sr3Ru2O7. The data are organized as be-
fore, with the headings in the table the same and the
systems under each heading organized approximately
according to chronological order.

Great efforts have been expended in extending our
theoretical understanding as well. This theoretical work
has often been a synergism with experimentalists to un-
derstand their measurements. Examples of such work
include that by Millis, Schofield, et al. �2002�, Kim and
Millis �2003�, and others in explaining the physics of
Sr3Ru2O7, by Kuechler et al. �2003� and Zhu et al. �2003�
in explaining the behavior of the Grueneisen ratio at
quantum critical points and by Pepin �2005� on under-
standing the rapid divergence of C /T at low tempera-
ture in YbRh2Si2.

However, there have also been numerous theoretical
efforts in the field in the last four years that have pro-
vided the driving motivation for new experiments. Ex-
amples of such work include predicting the behavior of
the Hall coefficient as a function of tuning through a
quantum critical point �Coleman et al. �2001�, Norman et
al. �2003�, Paschen et al. �2004�, Fenton and Schofield
�2005�, and others�, predicting a wide range of behavior
for the subset of systems that may experience “local”
criticality �Si et al. �2001, 2003�, Sun and Kotliar �2005�,
and others�, behavior of systems involving Griffiths
phase �Millis, Morr, and Schmalian �2002�, Castro Neto
and Jones �2005�, and others�, predicting the behavior of
systems with disorder near a quantum critical point �Ses-
sions and Belitz �2003�, Vojta �2003�, Belitz, Kirkpatrick,
and Rollbuehler �2004�, Miranda and Dobrosavljevic
�2005�, Vojta and Schmalian �2005�, and others�, as well
as a host of other works. An unpublished but readily
accessible overview of both the theoretical and experi-
mental status of the physics of quantum phase transi-
tions from the KITP program on this subject in 2005 can
be found at http://online.kitp.ucsb.edu/online/qpt05/.
Perhaps one or more of the theorists would help further
work in this field with a theoretically oriented review of
the current status.

It is the hope that this updated compilation of system
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TABLE II. Compilation of resistivity, susceptibility, and specific-heat data for non-Fermi-liquid systems. †=unannealed unless
otherwise noted; A is in the appropriate units, i.e., �� cm/K�. *Û not lowest temperature of measurement; results in bold print
are reanalyzed published data that have been scanned and fit to a different temperature dependence for this review than was used
in the original publication; values for the residual resistivity ratio ��R�300 K� /R�T→0��, or RRR, are given where known.
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parameters for known non-Fermi-liquid materials will
allow experimentalists to gain insights as to what future
experimental directions to take and theorists to pose
tough questions �e.g., how does the residual resistivity
behave with tuning via field or pressure near a quantum
critical point?� whose answers can at least begin to be
answered with the data and references thereto contained
herein.

The author gratefully acknowledges the help of J. S.
Kim with analyzing the published data for this updated
compilation, the generosity of numerous colleagues who
provided data and results ahead of publication, includ-
ing E. Bauer, E. D. Bauer, K. H. Kim, W. Montfrooij, H.
Wilhelm, V. Zapf, and numerous presenters of posters at
the SCES2005 conference in Vienna, the assistance of J.
Sereni who provided a long list of new experimental ref-
erences, and K. Ingersent for helpful discussions on the
theoretical references. Work in Florida was performed
under the auspices of the U.S. Department of Energy,
Contract No. DE-FG05-86ER45268.
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