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Also shown is the NMR protein struc-
ture, with the locations of the unex-
changeable amides shaded in red.

Pintacuda and colleagues didn’t need
to deuterate their sample, but they did
use 13C and 15N labeling to get informa-
tion about the positions of C and N atoms.

So their method is still limited to proteins
that can be grown in laboratory cell cul-
tures—they can’t, for example, harvest a
protein sample directly from a human
patient. Pintacuda speculates that it
could one day be possible to find a solid-
state NMR structure of a protein using

no isotopic labeling at all, merely the nat-
urally present magnetic nuclei. “But 
resolving the proton resonances would
be much harder,” he says, “because we
wouldn’t have the information from
nearby carbons and nitrogens.”

Although GB1 and AP205CP are both

X-RAY GHOST IMAGING
In its basic form, ghost imaging
is a technique that indirectly pro-
duces a likeness of an object by
combining the information from
two light detectors—one that
views the object and one that
doesn’t. By splitting a speckled
laser beam so that two beams
strike spatially separated loca-
tions on a CCD camera screen
and by placing an object in one
of the beams, as shown here, re-

searchers can calculate the intensity correlations between the
two signals as the beams are scanned in synchrony and construct
the object’s ghost image. Demonstrated in 2002 using visible
light, the technique holds promise for remote atmospheric sens-
ing because of its insensitivity to turbulence. Two research
groups have now extended ghost imaging to the hard x-ray
regime. Daniele Pelliccia (RMIT University in Australia) and his col-
leagues passed an x-ray beam produced by the European Syn-
chrotron source through a diffracting silicon crystal grating ori-

ented to transmit part of the undiffracted beam at a slight angle
from the diffracted beam. An ultrafast camera placed 20 cm
downstream of the beamsplitter detected both signals—one of
which was partially blocked by the imaging target, a copper wire.
Because the system worked with individual synchrotron pulses,
retrieving the wire’s ghost image took more than just calculating
intensity correlations; the group also had to filter out low-
frequency artifacts associated with mechanical vibrations in-
duced by the synchrotron pulse rate. By contrast, Hong Yu 
(Chinese Academy of Sciences) and colleagues periodically
moved their test object—a gold film with five slits—into and out
of a synchrotron’s x-ray beam to create their intensity-correlated
signals—no beamsplitter or frequency filtering required. Turbu-
lence is not a problem for x-ray imaging, but radiation exposure
is. Pelliccia and colleagues speculate that one could pass a weak
beam through fragile tissue but use its intensity correlations with
a stronger beam that never touches the tissue to produce a low-
noise microscopy image. (D. Pelliccia et al., Phys. Rev. Lett., in
press; H. Yu et al., Phys. Rev. Lett., in press.)  —RMW

HIGH-VELOCITY CLOUD BLOWS MILKY WAY BUBBLE
Spread through the disk of the Milky Way are about 20 vast bub-
bles of million-degree plasma wrapped in warm shells of neutral
atomic hydrogen. Blowing up a so-called supershell to its typical
size of 1000 light-years requires an energy, 1045 J, equivalent to at
least 30 supernovas. Given that massive short-lived stars cluster
in groups of a few dozen, it’s indeed possible that supershells are
inflated by supernovas. But evidence for an alternative formation
scenario has been uncovered recently by Geumsook Park of
Seoul National University in Korea and her collaborators. The
team used a seven-band receiver at the Arecibo radio telescope
in Puerto Rico to resolve the spatial and velocity structure of a su-
pershell known as GS040. At the very center of GS040 they found
a high-velocity cloud (HVC). Such clouds contain a million or so
solar masses of warm gas and fly through space at speeds 
50 km/s higher than is typical for stars and other galactic compo-
nents. According to previous calculations, when an HVC slams
into the galactic disk, it launches a supersonic expansion of hot
plasma that is energetic enough to form a supershell. That ap-
pears to be what led to the formation of GS040, which, given the
shell’s current size, took place 5 million years ago. Where did the
HVC come from, and how did it acquire its high speed? Park and
her colleagues speculate that the HVC is either a fragment of a
nearby galaxy that was tidally disrupted by ours or a leftover 
part of the intergalactic medium from which our galaxy and 
its neighbors formed. (G. Park et al., Astrophys. J. Lett. 827, L27,
2016.)  —CD

PLASMA DISCHARGE FOR FOOD STERILIZATION
Nonequilibrium plasmas, generated at atmospheric pressure
through electric discharge, are in wide commercial use, especially
for cleaning surfaces and improving surface adhesion. By produc-
ing a range of reactive chemical species, both charged and neu-
tral, they can also inactivate or kill bacteria and other pathogens.
When bacteria colonize
the surface of fresh
fruits and leafy vegeta-
bles, they encase them-
selves in a protective
layer known as a
biofilm. Plasmas’ ability
to breach biofilms has
caught the attention of the food industry. Yet for plasmas to be
deployed as food decontamination tools, their ability to do the
job must be understood, controllable, and reproducible. In one
step toward that goal, Dawei (David) Liu, Xinpei Lu, and col-
leagues at China’s Huazhong University of Science and Technol-
ogy and at Shanghai Jiao Tong University have now used a two-
dimensional discharge model to analyze the interactions
between the plasma and a biofilm on the surface of an apple. In
the simulations, which spanned a region 3 mm wide by 5 mm
high, the apple served as a floating electrode, and a series of

PHYSICS
UPDATE
These items, with supplementary

material, first  appeared at
www.physicstoday.org.


