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bivalves whose extinction in the West-
ern Atlantic around the time of the
Pliocene–Pleistocene boundary rough-
ly 2 million years ago is well docu-
mented in the fossil record.

When this regional extinction was
first documented in the 1980s, the

most widely discussed explanation
was the cooling associated with the
onset of glaciation that marked the
start of the Pleistocene. “But in recent
years it has become rather clear that
cooling doesn’t suffice to explain the
decrease in planktonic productivity
that appears to have been the proxi-
mate cause,” says Warren Allmon
(Cornell University and the Paleon-
tological Research Institution). “By
contrast, the abrupt increase of ultra-
violet in the supernova hypothesis is
quite consistent with what we know
about this regional extinction.”

In the supernova scenario, the
greatest damage to the ozone layer
occurs at high latitudes. Nonetheless,
it’s the tropical species that would
have suffered worst, because solar
radiation is so much more direct in
the tropics. To test their admittedly
speculative extinction hypothesis,
Benítez and coauthors look forward to
a more finely time-resolved examina-
tion of crustal 60Fe soon to be report-
ed by Knie’s group, in hopes of pinning
down the times and distances of indi-
vidual nearby supernovae.

BERTRAM SCHWARZSCHILD
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FIGURE 2. AVERAGE DEPOSITION rate
of iron-60, measured (blue) in a layer of
ocean-floor crust that began forming 2.8
million years ago, is compared with a
calculation (red) of what one would
expect from the ejecta of supernovae in
the nearby Sco–Cen association of hot,
young stars over that same period. The
dashed line is the estimated background
from nonsupernova sources. (Adapted
from ref. 1.)

Quantum Point Contact Mysteries Reexamined
Quantum point contacts represent,

in many regards, the simplest
system in mesoscopic physics. By
applying a voltage to a gate electrode
(see the inset of figure 1), researchers
can control the width of a constriction
between two reservoirs of electrons in
a two-dimensional electron gas
(2DEG). For sufficiently large nega-
tive gate voltages, the constriction is
completely closed off, and electrons
must tunnel between the reservoirs.
But when the voltage is made less
negative, the constriction begins to
open up, and the conductance through
the quantum point contact increases
in steps of 2e2/h (see the article by
Henk van Houten and Carlo
Beenakker in PHYSICS TODAY, July
1996, page 22).

The origin of this quantized con-
ductance is neatly explained using a
model of noninteracting electrons.
The constriction lets through an inte-
ger number of transverse modes, each
contributing the unit quantum of con-
ductance, e2/h; an additional factor of
two arises from the spin degeneracy.
This system thus provides a clear
demonstration of ballistic transport in
quantum systems.

But the quantum point contact sys-
tem has turned out to be more com-
plicated than what this simple picture
describes. In 1996, Michael Pepper’s

group at the University of Cambridge1

drew attention to the presence—even
in the earliest point contact data—of
an additional conductance feature
(see figure 1) in the vicinity of
0.7 (2e2/h).

The nature of this “0.7 structure”
has proved elusive. “It’s the single most
important open problem in the field of
quantum ballistic transport,” claims
Beenakker (University of Leiden). Var-
ious experimental observations clearly
suggest that spin plays a significant
role in the origin of the structure, but
most current models are based on phe-
nomenology and not on a detailed
microscopic theory. A new sugges-
tion—that the low-conductance behav-
ior has its origins in the Kondo effect—
is still largely phenomenological, but is
attracting much attention. This con-
jecture has been proffered by Charles
Marcus and his colleagues Sara Cro-
nenwett and Heather Lynch at Har-
vard University, working with David
Goldhaber-Gordon (Stanford Universi-
ty), Leo Kouwenhoven (Delft Universi-
ty of Technology), Kenji Hirose and
Ned Wingreen (NEC Corp), and

Vladimir Umansky (Weizmann Insti-
tute of Science).2

The evidence
Pepper and coworkers have made
extensive studies of the 0.7 structure,
looking at the effects of temperature,
magnetic field, electron density, point
contact geometry, and other factors.3

From their results, along with exper-
iments by Anders Kristensen and col-
leagues4 (University of Copenhagen),
Robert Clark’s group5 (University of
New South Wales in Australia), and
others, a fairly consistent body of
experimental data concerning the
behavior of the 0.7 structure has
emerged.

The 0.7 structure appears even in
the cleanest of samples. Although the
actual position can vary between 0.6
and 0.8, the feature appears insensi-
tive to the details of the point contact
and is never seen below 0.5 (2e2/h),
indicating that the feature is intrinsic
and does not arise from impurities or
imperfections in the point contact.

The 0.7 structure behaves differ-
ently from the conductance plateaus.
As the temperature is lowered, the
plateaus become sharper but the
shoulder at 0.7 disappears, rising to
merge with the first conductance step
(see figure 1). The conductance in the
vicinity of the 0.7 structure also
decreases as the bias across the point

�The Kondo effect is well estab-
lished in metals and in quantum

dots. Could something similar be
occurring in quantum point contacts?



contact increases.
Key insights into the nature

of the 0.7 structure have
emerged from its behavior when
a magnetic field is applied. As
the strength of the field is
increased, the 0.7 structure
evolves smoothly to become the
conductance plateau that ap-
pears at 0.5 (2e2/h) due to the
Zeeman splitting of the conduc-
tance modes through the point
contact. This connection be-
tween the 0.7 structure at zero
magnetic field and spin polar-
ization effects in higher magnet-
ic field demonstrated the impor-
tance of spin in the feature.

Taken together, the experiments
indicate that the feature is not a
ground-state property of quantum
point contacts. Furthermore, the
behavior is inconsistent with a nonin-
teracting-electron picture, suggesting
instead an unexpectedly prominent
role for many-body interactions.

Existing models
For most attempts to understand the
origin of the 0.7 structure, the starting
point has been the role of spin. Pepper’s
group1,3 and other researchers6 have
linked the 0.7 structure to spontaneous
spin polarization. This proposal has
met with skepticism from many theo-
rists, however, because of a long-stand-
ing theorem by Elliot Lieb (Princeton
University) and Daniel Mattis (Univer-
sity of Utah) that proves a static spin
polarization can’t exist in a one-dimen-
sional conductor. Proponents counter
that the point contact has both a nonze-
ro width and a finite length, so there
can be fluctuations that are not allowed
in an infinite 1D system.

Kristensen, Bruus, and colleagues
have shown that the emergence of the
0.7 feature as the temperature is
increased has a thermally activated
form, and they interpret the energy
scale as being set by an anomalous
conducting mode through the point
contact.4 Bruus and coworkers have
proposed a phenomenological model,
incorporating spin correlations and
dynamic partial polarization, that
accounts for this activated behavior
and many other aspects of the data.7

But a complete understanding is
still missing, says University of Min-
nesota theorist Leonid Glazman: “To
my taste, there’s no good theory of this
structure.”

A Kondo-like origin?
As proposed by Jun Kondo in 1963 to
explain an anomalous resistance
increase in some metals as the tem-
perature is lowered, the Kondo effect

involves the coupling of a localized
spin—in metals, a magnetic impuri-
ty—to the surrounding delocalized
electrons. The result is a screening of
the localized spin through the forma-
tion of spin-singlet correlations with
the surrounding electrons. In metals
at low temperatures, this coupling
increases the resistance by essential-
ly increasing the effective size of the
scatterer.

Thirty-five years later, the Kondo
effect was observed in a different sys-
tem: quantum dots (see PHYSICS
TODAY, January 1998, page 17).
There, an unpaired electron on the dot
plays the role of the localized spin,
and it couples to the electrons in the
adjoining reservoirs. The coherence
arising from the Kondo effect’s non-
local coupling is revealed in increased
conductance through the dot at low
temperature: The coherence leads to
increased tunneling on and off the dot.

Given the experimentally estab-
lished role of a spin in the 0.7 structure,
Marcus and company argue,2 Kondo-
like correlations in point contacts are a
natural candidate for the origin of the
low-conductance behavior—a possibili-
ty that Poul Lindelof (Copenhagen) has
also suggested.8 Such correlations
would lead to an increased conductance
through the point contact at lower tem-
peratures, explaining why the 0.7
structure disappears into the first con-

ductance step.
Taking a detailed look at the

quantum point contact data,
the Harvard team notes that
the behavior resembles the
Kondo behavior of quantum
dots in four ways. Both sys-
tems show a conductance peak
at zero applied bias at low tem-
peratures. The temperature
dependence of the conductance
in quantum dots falls neatly
onto a single curve when the
data are scaled by a gate-
voltage–dependent parameter
identified as the Kondo tem-
perature; the point contact
data can be similarly scaled

(see figure 2), although the empirical
functional form has an offset. The
scaling factor corresponds to the
width of the zero-bias peak for both
systems. And both systems also show
a splitting of the zero-bias peak in a
magnetic field by an amount equal to
twice the Zeeman energy.

Yet important differences between
the point contact and quantum dot
systems have produced some reserva-
tions about this conjecture. For
starters, quantum dots with an
unpaired electron have a well-defined
localized spin, as required for the
Kondo effect. In a point contact, how-
ever, there’s no obvious place for a
localized state. But since the behavior
is seen for gate voltages close to where
the constriction opens up, explains
Wingreen, the low density of electrons
in the vicinity of the point contact
could effectively produce one net spin.
This emergence of a localized spin is
supported by theoretical models.6

The difference between the temper-
ature dependences of the dot and point
contact raises another concern. The
dot’s behavior is well described by a
1961 model proposed by Philip Ander-
son (Princeton) that considers a single
localized spin state. One prediction of
that model is that at high tempera-
tures, the conductance drops to values
that are small compared to 2e2/h. But
in the point contact system, the con-
ductance remains near 0.7 (2e2/h) over
a broad temperature range. Indeed,
the Harvard team finds their scaled
conductance data are well described
with a high-temperature asymptote of
0.5 (2e2/h). “If the Anderson model is
applicable, one would not expect the
conductance to exhibit Kondo behavior
with a high-temperature asymptote of
0.5 (2e2/h) or higher,” says Glazman. “It
remains a puzzle.”

Many theorists and experimenters
are already working on solving that
puzzle. The debate over the nature of
the 0.7 structure is not settled, though.
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FIGURE 1. QUANTUM POINT CONTACTS

show conductance steps at multiples of
2e 2/h. In addition, there is a structure at
0.7 (2e 2/h) that becomes more pro-
nounced at higher temperatures while
the steps become washed out. (Adapted
from ref. 1.) Inset: In a quantum point
contact, a voltage applied to gate elec-
trodes (green) depletes the density of a
two-dimensional electron gas (2DEG,
red) in the vicinity of the electrodes until
only a narrow constriction connects the
electron reservoirs on either side.
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Pepper argues that the tendency of the
0.7 structure to approach 0.5 in sam-
ples with low carrier density supports
a picture of spontaneous spin polariza-
tion. “Many people have looked at this
problem and Kondo has been consid-
ered,” he says, “but it is not in agree-
ment with the totality of the experi-
mental results.” In the view of MIT’s
Leonid Levitov, however, “a Kondo
explanation agrees fairly well with
observations and is plausible with the-
ory.” Bruus concurs: “The data indicate
it’s Kondo physics, but a different kind
of Kondo than we’re used to—it’s more
dynamical, with the spin not localized
in the same manner.” Still, a detailed
model that fully accounts for the
Kondo-like behavior—or any other ori-
gin—has yet to be formulated.

RICHARD FITZGERALD
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FIGURE 2. TEMPERATURE-DEPENDENT

conductances through a quantum point
contact for different values of the gate
voltage (symbols) all fall onto the same
curve when scaled by a single parameter
TK that depends exponentially on the
gate voltage. The solid line is an empiri-
cal form assuming Kondo-like behavior.
(Adapted from ref. 2.)
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