one with the greatest influence on its chemical properties—
fluctuates. As the figure shows, five electrons are found there
about 80% of the time, six about 20% of the time, and four less
than 1% of the time. The new model accurately accounts for
plutonium’s key properties and makes several experimentally
verifiable predictions. The theorists hope to use their method to
understand the chemistry of uranium oxide and plutonium
oxide, two important byproducts in nuclear reactors. (J. H.

Shim, K. Haule, G. Kotliar, Nature 446, 513, 2007.)  —BPS

Hyperactive antifreeze proteins. AFPs occur naturally in many
fish, insects, plants, and other organisms, allowing them to sur-
vive sub-freezing temperatures. The proteins come in various
forms, but all seem to act similarly—they bind to nascent ice
crystals and inhibit the crys-
tals’ subsequent growth,
which effectively reduces
the freezing point of ice in
the organism. The AFP that
is found in the spruce bud-
worm (sbw) seems to be
hyperactive and especially
effective at protecting its
host in the frigid winters of
the northern US and Cana-
da. A US-Canada team led
by physicist Ido Braslavsky
(Ohio University) and bio-
chemist Peter Davies (Queen’s University) marked sbwAFP with
green fluorescent protein and with the help of fluorescence
microscopy observed how the hyperactive protein coated the
basal planes of ice crystals, halting their growth out of that
plane. Previously the researchers had studied fluorescently
tagged fish AFP types | and IlI. In this confocal microscopy
image, it is apparent that the marked hyperactive sbwAFP
(appears green) has accumulated on several surfaces of the ice
crystals, including the basal planes, while the fish AFP type |
(appears red) is mainly still in solution. Natural, nontoxic AFPs
have many current and potential applications in the medical,
agricultural, and food industries. Braslavsky reported the work
at the March 2007 APS meeting in Denver. (N. Pertaya et al.,
paper J35.8. For the fish AFP type Il work, see N. Pertaya
et al., Biophys. J. 92, 3663, 2007 —BPS

Making slow salt. With their various internal vibrational and
rotational motions, molecules are difficult to cool. Even so, milli-
kelvin femperatures have been reached by using liquid helium
for molecular vapors, and by decelerating polar molecules;
microkelvin temperatures are obtained by welding together
pairs of cooled atoms. A mechanical technique, using a spin-
ning beam source whose speed cancels the velocity of the
emerging molecules, has obtained speeds down to around
60 m/s. With a new kinematic technique, two physicists at the
University of Bielefeld in Germany have now produced a beam
of potassium—bromine salt molecules with an average molecu-
lar speed of 42 m/s; an estimated 7% of the beam travels slow-
er than 14 m/s, corresponding to a temperature below 1.4 K.
At that speed, some of the molecules could be loaded into a
trap. The cold KBr molecules are made by sending a beam of
K atoms info a counterpropagating beam of HBr molecules.
With the beam velocities carefully tuned, chemical reactions
produce the KBr molecules with a very small center-of-mass
velocity. Other heavy salt molecules and radicals can also be

24 May 2007 Physics Today

produced this way, according fo researcher Hansjiirgen Loesch.
Slow molecules are a prerequisite for performing cold chem-
istry, which could simulate conditions in cold planetary atmos-
pheres or interstellar clouds. If the chemistry is cold enough, new
quantum effects might emerge. (N.-N. Liu, H. Loesch, Phys. Rev.
Lett. 98, 103002, 2007.) —PFS

Unpaired top quarks. Weighing 200 times as much as a pro-
ton, the top quark is by far the heaviest elementary particle
known. Because the strong nuclear force can’t change a
" quark’s flavor, it can produce

q [ quarks only in pairs with their
w* antiquarks. The weak force can

change flavors. But weak-
interaction cross sections are so
s o small that it's almost impossib|e
q b to produce any quark, let alone
the heaviest and rarest, without

its antiquark in collisions between hadrons. But the DZero
detector collaboration at Fermilab’s Tevatron collider seems to
have managed it. From among 10 high-energy proton—
antiproton collisions, the collaboration has found evidence for
about 60 collisions that produced an unpaired top quark. One
can’t actually point to the individual events within the sample of
1400 selected candidates. The experimenters’ case is indirect
and sophisticated, involving complex decision trees and
Bayesian neural networks to deduce the fraction of true single-
top events buried within an overwhelming background of
impostors. Impostors are less of a problem when one looks for
top—antitop pairs. DZero’s tour de force is important because
the same technique will be required fo ferret out evidence of the
much-sought-after Higgs boson at CERN's Large Hadron Col-
lider and possibly even at the Tevatron. Furthermore, the obser-
vation confirms the somewhat surprising standard-model pre-
diction that at the Tevatron’s 2-TeV collision energy, the cross
section for producing single top quarks by the weck interaction
is not much smaller than the strong-interaction cross section for
making top pairs. The result also provides the first direct meas-
urement of the top quark’s coupling to the W boson that medi-
ates the change of quark flavors. (V. M. Abazov et al., Phys.
Rev. Lett., in press.) —BMS

Free-space fransmission of quantum code over a distance
of 144 kilometers (89 miles) between two of the Canary islands
has been demonstrated by a team of researchers in Europe. At
the APS March Meeting in Denver, Anton Zeilinger of the Uni-
versity of Vienna described how he and his colleagues trans-
mitted single photons from an astronomical observatory on
La Palma to another one on Tenerife. The transmitted photons’
entangled polarization states formed the basis of a “quantum
key,” a stream of information that could be used to decipher a
longer encrypted message. To allow detection of potential
eavesdroppers, the researchers further entangled the outgoing
particles of light with photons kept at the transmitting station.
The data transmission rate was low, only 178 photons in
75 seconds, but the experimenters overcame the difficulties
imposed by long-distance propagation through a turbulent
atmosphere. In a proposed experiment to be coordinated by
the European Space Agency, which operates the Tenerife
telescope, astronauts aboard the International Space Station
would transmit an entangled key to two earthbound stations
separated by distances 10 or more times greater than the two
islands. (For a preprint, see R. Ursin et al., http://arxiv.org/
abs/quant-ph/0607182.) —BPS M
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