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The Institute for Advanced Study intends
to make a new professorial appointment in
physics in the School of Natural Sciences.
Only candidates with distinguished schol-
arly accomplishments in this field will be
considered.

We invite applications and nominations for
this position. These should contain a curric-
ulum vitae and bibliography, and be sent by
June 30, 2019 to Michelle Sage, Adminis-
trative Officer, School of Natural Sciences,
Institute for Advanced Study, Einstein Drive,
Princeton, New Jersey 08540, USA. Email:
michelle@ias.edu. All communications will
be held in strict confidence. The Institute
for Advanced Study is an equal opportuni-
ty institution, and we especially welcome
applications or nominations from under-
represented groups.
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features a monthly online
catalog listing newly published
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https://physicstoday.scitation.
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The unexpected duality of
gravitational and condensed-

matter physics

igh-energy and condensed-matter
thysicists have long enjoyed a fruit-

ful interchange of ideas and tech-
niques. The microscopiclaws that govern
elementary particles share a surprising
number of similarities with the collective
behavior of matter at macroscopic scales.
For example, the standard model of par-
ticle physics relies heavily on the notion
of spontaneously broken global and local
symmetries, concepts that have their
roots in the observed behavior of ferro-
magnets and superconductors.

A relatively new example of the con-
tinuing dialog between the two fields is
holographic quantum matter, a subject
physicists have been vigorously pursu-
ing for more than a decade. Develop-
ments originating in superstring theory
have led to the remarkable realization
that strongly interacting quantum mat-
ter can be modeled in terms of gravita-
tional physics in one higher dimension
and that gravitational physics can also
be modeled as quantum matter. That
approach is variously referred to as
gauge/gravity duality, holography,
holographic duality, or the anti-de Sit-
ter/conformal field theory correspon-
dence, and there is by now a vast litera-
ture on the subject. Holographic Quantum
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Holographic
Quantum Matter

Sean A. Hartnoll,
Andrew Lucas, and
Subir Sachdev

MIT Press, 2018.
$65.00

Matter, anew book by Sean Hartnoll, An-
drew Lucas, and Subir Sachdev, gives an
excellent conceptual overview of the
field while providing enough technical
detail for the reader to perform relevant
computations.

A few key ideas that underlie holo-
graphic duality are useful to keep in
mind to appreciate the scope and limita-
tions of that approach. First of all, we
have the large-N approximation. Since
the 1970s physicists have known that
strongly interacting quantum systems
can simplify drastically if the number
of degrees of freedom is taken to be
large. Indeed, the theory becomes effec-
tively classical when expressed in terms
of the appropriate collective variables.
Remarkably, under the right circum-
stances this collective description in-
cludes gravity in one higher dimension.
Hence classical general relativity, cou-



pled to matter fields of various types,
emerges out of strongly interacting
quantum matter.

If the gravitational theory is sufficiently
simple—that is, accurately governed by a
Lagrangian with a small number of fields
and interactions—holographic duality be-
comes useful. The emergence of a new
holographic spatial dimension leads to
physics at different scales in the original
system being projected to physics at differ-
ent locations in the holographic direction.

Next, entropy generation and dissi-
pation are key concepts governing the
out-of-equilibrium dynamics of interact-
ing matter. Thermal systems are mapped
by the duality to black holes, whose ther-
mal nature is due to Hawking radiation.
Entropy generation arises when matter
falls through the black hole horizon, a
process readily described by solving,
often numerically, systems of differential
equations.

Finally, the physics of ordinary met-
als can be formulated in terms of quasi-
particles and the associated Landau-
Fermi liquid paradigm. Physicists have
a strong understanding of the thermo-
dynamic and transport properties of

such systems, but there is intense interest
in materials that fall outside that para-
digm. When no quasiparticles are pres-
ent, the physics is instead governed by a
quantum critical soup of gapless degrees
of freedom. Traditional quasiparticle-
based tools are ineffective in that context,
but holographic duality maps those sys-
tems to classical field theory modes,
yielding a description that is tractable
analytically.

The authors of Holographic Quantum
Matter systematically develop all these
fundamental ideas along with their ap-
plications to thermodynamic and trans-
port phenomena, both near and far from
equilibrium. Some connection is made to
experiments in systems such as cuprate
superconductors, graphene, and heavy
fermion compounds. To properly absorb
the material, the reader should be com-
fortable with general relativity and
quantum field theory and should have
broad familiarity with condensed-matter
physics, although some topics could be
learned on the fly as needed. The reader
should come away appreciating that
holographic duality provides a novel
class of solvable models for strongly in-

teracting quantum matter. However,
holographic duality is best viewed as a
way of placing certain universal phe-
nomena in a tractable framework. It is
not reasonable to expect a specific grav-
itational model to accurately describe in
full detail a specific physical system of
interest.

The authors are exceptionally well
qualified to review the given subject;
they are responsible for many of the de-
velopments discussed in this review. The
prose is clear and authoritative through-
out. I appreciated the efforts the authors
made to identify unifying themes rather
than simply describing one model after
another. The extensive list of references
will be very helpful for the reader who
wishes to delve deeper. Each chapter
contains a collection of well-thought-out
problems taken from the literature. I rec-
ommend Holographic Quantum Matter
without question to anyone who wishes
to pursue research at the interface of con-
densed-matter and high-energy physics
or to anyone interested in a broad
overview of an active and fruitful field.

Per Kraus
University of California, Los Angeles
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DISTINGUISHED
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FELLOWSHIPS

The Army Research Laboratory (ARL) Distinguished Postdoctoral Fellow-
ships provide opportunities to pursue independent research that supports
the mission of ARL. The Fellow benefits by having the opportunity to work
alongside some of the nation's best scientists and engineers. ARL benefits by
the expected transfer of new science and technology that enhances the ca-
pabilities of the U.S. Army and the warfighter in times of both peace and war.

AR invites exceptional young researchers to participate in this excitement
as ARL Distinguished Postdoctoral Fellows. These Fellows must display
extraordinary abilities in scientific research, and show clear promise of be-
coming outstanding future leaders. Candidates are expected to have already
successfully tackled a major scientific or engineering problem during their
thesis work or to have provided a new approach or insight, evidenced by a
recognized impact in their field. ARL offers four named Fellowships, hon-
oring distinguished researchers and work that has been performed at ARL.

The ARL Distinguished Postdoctoral Fellowships are one-year appointments,
renewable for up to three years based on performance. The annual stipend is
$100,000, and the award includes benefits and potential additional funding
for the chosen proposal. Applicants must have completed all requirements
fora Ph.D. or Sc.D. degree by the application deadline and may not be more
than five years beyond their doctoral degree as of the application deadline.
For more information and to apply, visit www.nas.edu/arl.
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Online applications must be submitted by May 31, 2019 at 5 PM EST.
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