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The cuprates seemed to

be unique until 2008,
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that compounds known
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lute zero.
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the cuprates work and to
perhaps learn how to
make room-temperature
superconductors.
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[BASICS]

What Makes a Conductor Super

An ordinary conductor drains

energy from an electric current condﬂfg}g
because the electrons carrying electrons
the current collide with the Current in
metal ions of the conductor conductor

(top). In a superconductor, in
contrast, the electrons form
“Cooper pairs” (bottom), all

of which collect in a single
quantum state of lowest energy,
a process known as Bose-
Einstein condensation. This sea
of Cooper pairs moves as one
entity. To dislodge a Cooper pair
from this flow requires boosting

Positively
charged lattice
of metal ions

< ORDINARY CONDUCTOR

Electrons carrying a current along an
ordinary metal wire continually scatter off
the metal ions of the wire, losing energy,
which heats the wire.

Currentin superconductor

I

Heat and
energy lost

Electron in
Cooper pair

it to a higher-energy quantum
state, and a collision with a

metal ion does not involve
enough energy to do so. The
current therefore flows without
energy losses.

SUPERCONDUCTOR »
In a superconductor, electrons form Cooper pairs, which
are held together by an attractive interaction (red). The
Cooper pairs glide through the superconductor without
scattering. The nature of the attractive interaction is
understood in conventional superconductors,

but it is a mystery for cuprate and iron-pnictide
superconductors and some other kinds.

cables carrying huge currents and com-
pact superstrong magnets—for magnet-
ic resonance imaging, levitated trains,
particle accelerators and other wonders—all
without the exorbitant expense and trouble of
the liquid-helium cooling systems required by
the old, cold, conventional superconductors.

So the Japanese group set about doping its ma-
terial—adding a sprinkling of foreign atoms to

IMPORTANCE OF
TEMPERATURE

Most superconductors in use
today rely on the same coolant as
Heike Kamerlingh Onnes did when
he discovered the phenomenon
nearly a century ago: liquid heli-
um, which boils at 4.2 kelvins and
adds considerable expense and
complexity to a system. The most
widely used superconductors
remain niobium alloys that can
superconduct as high as 18 K—in
the absence of a magnetic field. In
devices involving magnetic fields
or high current densities, super-
conductors require extra chilling
to maintain the superconductivi-
ty. The very strong niobium alloy
magnets of the Large Hadron
Collider, for instance, operate at
2.9 K. New materials that can
function well above liquid-helium
temperatures would revolutionize
superconductor applications.

the recipe—to try to raise the transition temper-
ature. Replacing some of the oxygen atoms with
fluorines brought on superconductivity at 7 K.
Swapping arsenic for phosphorus resulted in su-
perconduction up to 26 K, a temperature high
enough to get physicists’ attention all around the
world and to spark a flurry of research when the
group’s arsenic paper appeared in late February
2008. By the end of March, groups in China had
similar compounds superconducting just above
40 K. A month later, 56 K.

Although these impressive results were not
close to challenging the records set over the past
two decades by the copper oxide, or cuprate,
superconductors, physicists were excited for
several reasons. First, who knew where the ris-
ing temperatures would end? Second, they sus-
pected that the iron compounds would be eas-
ier to work into technological applications than
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Direction
of travel

the cuprates, which are brittle and re-
quire complicated techniques to fashion

into long wires such as for power cables or
magnets.

Next, iron was a peculiar element to have in
a superconductor because its atoms are strongly
magnetic, and magnetism generally inhibits su-
perconductivity. Indeed, along with perfect con-
duction, a defining characteristic of a supercon-
ductor is that it forces an applied magnetic field
to skirt around it instead of passing through its
interior. A field strong enough to enter the su-
perconductor destroys the superconductor. Why
was the magnetism of the iron atoms right in-
side the material not spoiling things? That puz-
zle remains unanswered.

But perhaps most interesting of all, the new
iron compounds knocked the cuprates off their
pedestal as a seemingly unique class of high-
temperature superconductors. For more than 20
years the cuprates had resisted all attempts by
researchers to formulate a theory explaining all
of their properties, most particularly their high
transition temperatures. Now with two species
to compare and contrast, experimenters might
finally uncover the vital clues that theorists
could use to solve the mystery of high-tempera-
ture superconductivity.
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Layered Structures

Hope that the iron superconductors can offer
clues about the cuprates is bolstered by the many
similarities of the two kinds of compound. Both
classes of material superconduct at warmer tem-
peratures than all other known superconduc-
tors do. In both classes, each compound has a
particular optimum level of doping that maxi-
mizes its transition temperature (the tempera-
ture below which the material becomes super-
conducting, also called the critical tempera-
ture). The temperature is lower for “underdoped”
and “overdoped” samples, eventually falling to
absolute zero when far enough from the opti-
mum—in other words, a sample that is doped
lightly or heavily enough does not superconduct
at all [see box on page 67].

The most obvious similarity, however, is that
both the cuprates and the iron pnictides are made
of alternating layers of atoms. Where cuprates
feature copper oxide (CuQ3) sheets, the new ma-
terials have sheets of an iron pnictide (pro-
nounced “nik-tide”)—iron bound to an element
from nitrogen’s group in the periodic table, such
as phosphorus, arsenic or antimony. In Hosono’s
26 K material, for instance, layers of lanthanum
oxide (LaO) alternate with iron arsenide (FeAs).

The copper oxide and iron pnictide layers are
the meat of these crystalline club sandwiches.
They are where physicists believe superconduc-
tivity is produced. The “bread” layers merely
contribute additional electrons to the meat or re-
move some electrons from it. With fluorine-
doped LaOFeAs, for instance, each fluorine
atom begins with one more electron than the ox-
ygen it replaced, and these surplus electrons
move to the FeAs layers, altering their electrical
properties.

Viewed from above, the atoms in an FeAs
layer would appear to be positioned on a nano-
scale chessboard; one iron atom on each black
square and an arsenic atom on every white one.
The cuprates” CuO; layers are similar but with
only half the black squares occupied by a cop-
per atom. Each CuO; layer is essentially flat; all
the atoms lie in the same plane. In contrast, the
arsenic atoms in an FeAs layer sit above and be-
low the level of the iron atoms, four of them sur-
rounding each iron atom at the vertices of a tet-
rahedron. As with almost every feature of the
materials, whether it is the similarity or dissim-
ilarity of the structures that is more important
remains to be unraveled.

The layered structure profoundly affects the
cuprate superconductors’ properties, making

www.ScientificAmerican.com

LEVITATION

As well as having zero electrical
resistance, a superconductor does
not allow magnetic fields in its
interior, a property called perfect
diamagnetism. This effect can
levitate a superconductor over

a magnet (uppermost disk, above)
or a magnet over a superconduc-
tor. So-called type 2 supercon-
ductors enable magnetic flux to
pierce them in thin tubes that may
become pinned at defects in the
material. Such a superconductor
can also be suspended below

a magnet (bottom disk).

[NEW EXCITEMENT]

them behave differently depending on whether
a superconducting current, or supercurrent, is
flowing parallel to the layers or perpendicular to
them. For instance, the effect of a magnetic field
on a supercurrent in a cuprate crystal depends
on the direction of the field. The superconduc-
tivity can withstand a much stronger field when
the field is aligned with the cuprate sheets than
when it is perpendicular to them. That property
has important ramifications because many ap-
plications of superconductivity involve genera-
tion of strong magnetic fields. These kinds of ef-
fects also serve as possible clues to deciphering
why the cuprates superconduct.

Theorists took these clues deeply to heart and
for 20 years they have largely focused on devel-
oping an explanation of how superconductivity
could develop within a single cuprate sheet. That
is, they have viewed the two-dimensionality as
a crucial feature. This idea is reasonable from a
theoretical standpoint because throughout
mathematics and physics examples abound of
systems that exhibit properties and phenomena
unique to the two-dimensional case and absent
or far more complicated in three dimensions.
And in the specific case of the cuprates, many ex-
periments have produced results that single out
the CuO; plane as being very special.

The first research on the iron pnictides
seemed to be telling the same story, but in late
July 2008, two groups of researchers—one led
by Nan-Lin Wang of the Chinese Academy of
Sciences, the other led by Paul C. Canfield of

Another Iron in the Fire

hysicist's excitement over the discovery of the copper oxide, or cuprate, high-tempera-

ture superconductors in 1986 is legendary. A session on the cuprates at an American
Physical Society conference in early 1987 was dubbed the “Woodstock of Physics” after
thousands of researchers overflowed the room and presentations continued past 3 a.m.

But after that frenzied beginning, work to understand the cuprates’ properties turned
out to be a long, frustrating slog. Over two decades experimenters marshaled a veritable
arsenal of techniques to investigate the materials, including neutron scattering, electron
spectroscopy and scanning superconducting quantum interference device microscopy.
Yet the puzzle of what physical process produced the high-temperature superconductiv-

ity remained unsolved.

Thus, the iron pnictides rekindled the old excitement when they
appeared on the scene, with transition temperatures second only
to those of the cuprates and with somewhat similar structures.
Physicists are rapidly recapitulating 20 years of cuprate experi-
ments on the iron materials, hoping to see vital clues in the similari-
ties and differences of the two compounds. A solution to the mys-
tery could open the door to room-temperature superconductors,
which would transform technology in unimagined ways.

SCIENTIFIC AMERICAN 65



MATERIAL
PROGRESS

In the 98-year history of super-
conductivity, researchers have
discovered a diverse assortment
of materials that superconduct.

1911 Mercury 4.2 kelvins

The first superconductor was discov-
ered by Heike Kamerlingh Onnes
when he used liquid helium to cool
mercury below its superconducting
transition temperature of 4.2 K.

1941 Niobium alloys 16-23 K
Industrial use of superconductors
took off only after 1961, when
researchers discovered that niobium
tin (Nb3Sn), which superconducts at
18.3 K, could carry high currents and
withstand large magnetic fields.

1971 Niobium germanium 23 K
This material (Nb3Ge) held the
record for highest transition
temperature from 1971 to 1986.

1979 Heavy fermions 0.5-1.0 K
Heavy-fermion superconductors such
as uranium platinum (UPt3) are
remarkable by also having electrons
that effectively have hundreds of
times their usual mass. Conventional
theory cannot explain these materials’
superconductivity.

1986 Cuprates 35-138 K

The first high-temperature super-
conductors, these ceramic materials
were the first that could be cooled with
liquid nitrogen, which boils at 77 K.

1991 Fullerenes 18-33 K

Solid crystals made of buckyballs (Cg0)
superconduct when doped with alkali
metal atoms such as potassium,
rubidium and cesium.

1995 HgBa,Ca,Cu30g 138 K

Doped with thallium, this cuprate has

the highest-known transition temper-

ature at atmospheric pressure. At high
pressure it superconducts up to 164 K.

2001 Magnesium diboride 39 K
The unusually high transition
temperature of magnesium diboride
turns out to be an exceptional case
of conventional superconductivity.

2006 Iron pnictides 4-56 K
Hideo Hosono (right) discovered
the first of these compounds, which
form only the second kind of high-
temperature superconductor.
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Towa State University, with both groups includ-
ing collaborators at Los Alamos National Lab-
oratory—independently found that a particular
iron pnictide superconductor responds very
similarly to strong magnetic fields pointing in
different directions. That is, this material,
which has potassium-doped barium layers in-
terleaved with FeAs and which can supercon-
duct up to about 38 K, seems to have three-
dimensional superconductivity.

In the words of Jan Zaanen, a theorist at Lei-
den University in the Netherlands, if the cu-
prates and the iron pnictides share the same “se-
cret of high-temperature superconductivity,”
this experimental result implies that “two-
dimensionality has been a red herring all along,
causing theorists to look in wrong directions.”

Quanta of Sound
The “secret of high-temperature superconductiv-
ity” that Zaanen and other physicists want to
extract by interrogating the cuprates and pnic-
tides is a quite specific piece of information about
what makes these materials superconduct. In
particular, they want to know what interaction
between the electrons involved leads to the super-
conducting state. An electric current in an ordi-
nary metal is carried by the so-called conduction
electrons, which are free to move through the
material. These electrons, however, constantly
collide with the positively charged metal ions,
which saps the energy of the current and heats
the metal—this effect is the metal’s electrical
resistance.

Superconductivity occurs when conduction

electrons become linked together in pairs, which

are known as Cooper pairs. The Cooper pairs
gather en masse in a single quantum state, a pro-
cess known as Bose-Einstein condensation. This
swarm of charged particles is able to move
through the material in lockstep without losing
energy in collisions with the metal ions; the re-
sistance drops to zero. Measurements confirm
thatin both cuprate and iron pnictide supercon-
ductors, the carriers of electric current have
twice the charge of an electron—the carriers are
Cooper pairs. But theory must also explain the
mechanism that forms these Cooper pairs. Ac-
cording to the classic explanation of conven-
tional superconductivity—the BCS theory, de-
veloped by John Bardeen, Leon N. Cooper and
J. Robert Schrieffer in 1957—a very prosaic en-
tity plays this role: sound.

Sound is made of vibrations. The quantum of
vibration in a solid is the phonon, named by
analogy with the photon, the quantum of light
(or, if you like, the quantum of electromagnetic
vibrations). An interaction between two con-
duction electrons, mediated by phonons, can be
visualized as follows: the first electron’s electric
field tugs on the metal’s positively charged ions
as it passes near them. The electron leaves in its
wake a temporary region of distorted lattice—
the very stuff of phonons. A second electron will
experience a small attractive force toward the
momentarily distorted region because of the
slightly increased density of positive charge
there. This small, indirect attractive force is
enough to produce Cooper pairs and supercon-
ductivity, so long as the temperature is low
enough that thermal vibrations do not over-
whelm the effect. The BCS theory puts this ap-
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proximate heuristic picture on a firm mathe-
matical basis that allows calculation of a mate-
rial’s transition temperature based on the
material’s other properties.

One of the classic verifications of the BCS
theory is the observation that transition temper-
atures of two isotopes of a superconducting ma-
terial are different by about the right propor-
tion. Thus, mercury 198 superconducts when it
is colder than 4.18 K, but mercury 202 only
does so below 4.14 K. The slightly heavier mer-
cury 202 atoms vibrate less and at a lower pitch,
and thus in mercury 202 the electron-phonon
force is weaker, the Cooper pairs are more frag-
ile and less thermal energy suffices to over-
whelm the superconductivity.

Studies of cuprates, however, revealed virtu-
ally no isotope effect—phonons could not be the
principal binder of Cooper pairs in those mate-
rials. In many respects this result was no sur-
prise because the cuprates superconducted far
above 30 K and theorists had long ago comput-
ed that the electron-phonon interaction de-
scribed by the BCS model would not be strong
enough to hold Cooper pairs together at such
high temperatures in any plausible material.

An exception to this 30 K rule did come
along in 2002, in the form of magnesium di-
boride, which superconducts at 39 K [see “Low-
Temperature Superconductivity Is Warming
Up,” by Paul C. Canfield and Sergey L. Bud’ko;
SCIENTIFIC AMERICAN, April 2005]. Magne-
sium diboride does show the isotope effect and
is understood to be a BCS superconductor,
albeit a peculiar variant of the theme. Its unusu-
ally high transition temperature results from ex-
ceptionally strong coupling between certain
electrons and lattice vibrations and from it man-
aging to have two populations of electrons that
each form a distinct condensate of Cooper
pairs.

What of the new iron-based superconduc-
tors? Only a few weeks after Hosono’s discov-
ery that fluorine-doped LaOFeAs supercon-
ducts at 26 K was published on the Web, theo-
rists released a preprint calculating that the
electron-phonon coupling in that material, act-
ing in the manner described by the BCS theory,
could not be the glue holding the Cooper pairs
together. Lilia Boeri of the Max Planck Institute
of Solid State Physics in Stuttgart, Germany,
and her co-workers calculated that the transi-
tion temperature would be below 1 K if phonons
were responsible in the conventional way.

Remarkably, however, researchers have seen
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[COMPARISON]

Anatomy of Two Materials

The cuprate superconductors and the iron pnictides share many similarities but also differ in
certain ways. Physicists are still coming to grips with determining which characteristics are
most important to superconductivity. Both materials consist of alternating layers of atoms,
as shown here for the cuprate La,CuO4 and the iron pnictide LaOFeAs (below right). In both
cases, the materials’ properties depend on the level of doping, or inclusion of impurity
atoms—barium atoms replace some lanthanums in the cuprate, and fluorine atoms replace
some oxygens in the pnictide. Physicists map out how a material’s properties vary with
doping and temperature in phase diagrams (below left) analogous to diagrams of the
pressures and temperatures at which water vaporizes or forms various kinds of ice.

Oxygen :
Copper __.‘

Lanthanum

CUPRATES »

At very low doping, the cuprates are insulators and
antiferromagnetic (below, red)—in each copper oxide
layer the copper atoms, which are like tiny magnetic
compass needles, line up in the opposite direction to
their nearest neighbors. Increased doping eliminates
the antiferromagnetism and the material becomes
conducting (white). It superconducts (bright blue)
below a transition temperature that depends on the
level of doping. Not shown here are many exotic
phases within the “normal” conductor that a theory
must explain along with the superconductivity.

Barium
(doping)

|— Antiferromagnet

Temperature

Superconductor

Dopingq——M8¥

PNICTIDES »

The pnictides at low doping are also antiferromag-
netic (red) but are poorly conducting metals rather
than insulators in that state. As in the cuprates, the
superconducting phase (bright blue) takes over at
low temperatures within a range of doping levels.
The materials also typically undergo a structural
change (gray line), going from a very symmetrical
pattern of iron atoms at low doping and tempera-
tures to a stretched arrangement at higher doping
and temperatures. Some experiments suggest that
this structural distortion, and not the doping per se,
is what controls the pnictides’ behavior.

Antiferromagnet

Structural
change

Temperature

Superconductor

Doping——M8¥



A CONVENTIONAL supercon-
ductors have found applica-
tions ranging from particle
accelerators such as the
Relativistic Hadron lon
Collider (RHIC) (top) and
the Large Hadron Collider,
to superconducting gyro-
scopes and magnetic field
detectors in the Gravity
Probe B satellite (above)

to magnetic resonance
imaging (right).

MRI MACHINE
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some isotope effects, just as the BCS theory
would predict. This past May, Xian Hui Chen
of the University of Science and Technology of
China and his collaborators reported observing
a strong effect on the transition temperature of
iron arsenide superconductors made with two
different isotopes of iron. Thus, the electron-
phonon coupling seems to play a role, but other
interactions, not included in the BCS theory or
the calculations by Boeri and her co-workers,
must also be important. Those other interac-
tions could also be behind the cuprates’ Cooper
pairs and thus might be “the shared secret” of
high-temperature superconductivity.

Competing Processes

Clues to the additional physical processes
important for high-temperature superconduc-
tivity may come from studying how the transi-
tion temperature varies with the level of doping
for each iron pnictide and from examining the
properties the material exhibits when it is not
superconducting. Physicists map this informa-
tion in so-called phase diagrams, which are
analogous to the phase diagrams that record
how a substance such as water changes its phys-
ical state when the temperature and pressure
vary [see box on preceding page.

With the amount of doping plotted along the
horizontal axis, the superconducting state of a
cuprate or an iron pnictide forms a roughly
semicircular region at the bottom of the graph.
The limits of that region show that if the doping
is too low or too high, the material does not su-
perconduct even at absolute zero. The highest
part of the semicircle shows the maximum tran-
sition temperature, which is attained by some
optimal amount of doping.

Several other features of pnictides and cu-
prates at particular temperatures and levels

of doping show great similarity. Both en-
ter a magnetic state known as antiferro-
magnetism at doping levels too low for
superconductivity. A familiar magne-
tized piece of iron is a ferromagnet—
each atom in the material tends to ori-
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ent its individual magnetic moment, its individ-
ual little “compass needle” of magnetism, in the
same direction as its nearest neighbors. All of
these magnetic moments thus combine to pro-
duce the field of the magnet as a whole. In an
antiferromagnet, in contrast, the nearest neigh-
bor atoms tend to point their magnetic moments
in opposite directions and the material as a
whole produces no magnetic field.

For the cuprates, the undoped materials are
typically antiferromagnetic up to temperatures
well above the highest superconducting transi-
tion temperature of the doped material. But as
the doping level increases, the temperature for
antiferromagnetism plunges to zero before su-
perconductivity appears. Physicists interpret
this as a sign that these two different kinds of
ordering—antiferromagnetic alignment of the
atoms’ magnetic moments and the formation of
a condensate of Cooper pairs—are incompatible
and competing. The interaction that generates
superconductivity in these materials has to over-
come the antiferromagnetism.

The pnictides show similar behavior, with
the undoped materials exhibiting an antiferro-
magnetism that is not present in the supercon-
ducting state. In December a collaboration of
researchers at several laboratories in the U.S.
and China found that the antiferromagnetism
in the iron pnictide that they studied—cerium
oxygen iron arsenide (CeOFeAs) doped with
fluorine—disappeared rapidly with increasing
doping, much as in the cuprates.

The group also looked at a structural transi-
tion that occurred. In the FeAs planes, each Fe
atom is surrounded by four As atoms arranged
at the vertices of a tetrahedron. At low doping
and low temperatures, those tetrahedrons are
distorted. At the amount of doping yielding the
highest transition temperature, the distortion
completely disappeared, suggesting that the
good tetragonal symmetry could be important
for the pnictide’s superconductivity. Tetragonal
symmetry is not a factor in the cuprates’ CuO;,
planes, which at most deviate only slightly from
being completely flat.

In the cuprates, the antiferromagnetic state
is an electrical insulator, but for the pnictides it
is a conductor, albeit a poorer conductor than a
typical metal. Which is more important in un-
derstanding these two materials: the similarity
of the antiferromagnetism or the dissimilarity
of the conductivity of that state? As with so
many features, a conclusive answer to that ques-
tion remains hidden.
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Catching Waves

Another issue of great importance for efforts to
unravel the cause or causes of high-temperature
superconductivity is the symmetry of the Coo-
per pairs. In BCS materials, the Cooper pairs
have so-called spherical symmetry—a shape
that, like a sphere, looks the same in all direc-
tions. Also termed s-wave symmetry, it is analo-
gous to the perfectly symmetrical shape of a hy-
drogen atom in its ground state. (Both examples
involve two fermions bound together—two elec-
trons in the case of the Cooper pairs, a proton
and an electron in the case of a hydrogen atom.)

The type of symmetry in cuprate Cooper
pairs was long a controversial subject, and only
after many years did experiments finally resolve
it as a kind of symmetry called d-wave with
some s-wave mixed in as well. The d-wave sym-
metry somewhat resembles a four-leaf clover,
but with two colors of leaves (actually, “posi-
tive” and “negative” lobes) alternating around
the stalk.Early experiments on pnictides point-
ed to s-wave symmetry, leaving open the possi-
bility that those materials really do behave,
somehow, as BCS superconductors. Results re-
ported in December and January, however,
show that the pnictide’s s-wave has an uncon-
ventional feature, with positive regions on the
opposite side of negative regions instead of the
whole sphere being the same sign. Thus, once
again the pnictides and cuprates seem to be sim-
ilar but different.

These studies of the iron pnictides continue
at a frenetic pace—in their 20 years of investi-
gating the cuprates, experimenters have built up
averitable arsenal of techniques to bring to bear
on the new materials. But the picture emerging
from experiments so far is at least as puzzling as
that of the cuprates. How much the two puzzles
are related and how the commonalities might
lead to insights that could be useful for develop-
ing room-temperature superconductivity may
not be clear for some time.

Meanwhile the instigator of the field, Ho-
sono, has added another curiosity to be ex-
plained. In March he reported finding that stron-
tium iron arsenide (SrFe; As;) superconducts not
only when doped with cobalt but also when the
undoped compound is exposed to water vapor.
Furthermore, differences in the features of the
two cases suggest to him that a different super-
conducting mechanism is at work in each.

If the history of the cuprates is any guide, ex-
pect researchers to keep uncovering more puz-
zles than answers for some years to come. =

FUTURE
PROSPECTS

As cuprate wire fabrication pro-
cesses improve, the cuprates’ so
far limited repertoire is expand-
ing. Companies are developing
large systems such as turbines in
wind power generators (below)
and ship propulsion engines, in
both cases providing more power
in a less huge device.
Physicists hope that
study of the pnictides
will open the way to
new materials with
higher transition
temperatures or better
mechanical properties
than the cuprates.
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Iron-Based Layered Superconduc-
tor La[01_xFy]FeAs (x =0.05-0.12)
with T, = 26 K. Yoichi Kamihara,
Takumi Watanabe, Masahiro Hirano
and Hideo Hosono in Journal of the
American Chemical Society, Vol. 130,
No. 11, pages 3296—3297; March 19,
2008.

Condensed Matter Physics: The
Pnictide Code. Jan Zaanen in Na-
ture, Vol. 457, pages 546-547; Janu-
ary 29, 2000.

Iron Arsenide Superconductors:
What Is the Glue? D. G. Hinks in
Nature Physics, Vol. 5, No. 6, pages
386-387; June 2009.
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