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When it comes to removing tumours, the options
are usually to cut it out, attack it with chemicals or
blast it with X-rays. Protons, however, offer a distinct
advantage because they deposit most of their
energy within a small area, thereby causing less
damage to surrounding healthy tissue.
Unfortunately, the accelerators needed to generate
these protons can take up thousands of square
metres and cost some $100m.

However, some physicists believe that a 
laser-based proton generator could be made for
about one-tenth of the cost of a conventional
accelerator and be small enough to be contained
within a classroom-sized laboratory. Now, an
international group of physicists working at the 
Los Alamos National Laboratory in the US has
used a laser to generate the highest energy
protons yet produced in this way.

Laser-based acceleration involves using 
ultra-powerful light pulses to knock electrons out of
the atoms within a tiny target, which leads to the
electrons accumulating on the target’s rear
surface. This sets up an electric field across the
target, accelerating the resultant ions and forcing
them to leave the material as a high-energy beam.
In practice, however, some of the world’s most
powerful petawatt (1015 W) lasers can only
generate protons with a maximum energy of about
58 MeV. While tumours of the eye can be treated
using protons of 60–70 MeV, tumours deeper in
the body require energies of about 300 MeV.

The latest breakthrough, which involved
scientists at Los Alamos as well as Sandrine
Gaillard and colleagues at the Forschungszentrum
Dresden-Rossendorf research centre (FZD) in
Germany, made use of the Trident laser at 
Los Alamos to generate 67.5 MeV protons. The
work relies on a novel target design – an anvil-
shaped piece of copper comprising a cone about
100 μm long with a flat disc 100 μm in diameter
perched on its tip. The researchers claim that this
arrangement is far more efficient than the thin
films used in previous experiments – they used
80 J laser pulses, whereas the previous record of
58 MeV involved 450 J laser pulses.

A major challenge that still remains is that the
treatment of tumours would require protons at a
pulse rate in the region of 10 Hz and lasers such as
Trident would require massive amounts of energy
to achieve this. The researchers hope to get around
this limitation by focusing instead on the design of
the anvil target to boost the rate at which protons
are produced. “We already have enough energy in
our lasers, the challenge is how to use it more
efficiently,” says Michael Bussmann of the FZD.

Dropping an anvil 
on cancer cells

As the International Year of Astronomy (IYA2009) draws to a close, its organizers must be delighted at the
huge attention given over the last 12 months to a field that has come so far since Galileo turned his
primitive instrument to the Moon 400 years ago. But one big unanswered question in astronomy is how the
Earth and our planetary neighbours were created from the primordial dust surrounding the young Sun. In
the past two decades we have come to understand that stars form “protoplanetary disks”. Astrophysicists
have studied the structure of such disks at several radiation wavelengths, which has led to a growing
understanding of the planet-formation process. However, most stars form in pairs (and sometimes more
complex groups) and numerical models produce conflicting results because of the complex dynamical
interaction of two cosmological bodies. Our understanding has also been held back by a lack of direct
observations of such systems. This image reveals a rare glimpse of a young multiple protoplanetary disk
encircling a two-star system located 160 parsecs away in the Ophiuchus constellation. Having pinpointed
the binary system, the researchers placed a coronograph over the Subaru Telescope in Hawaii that let them
filter out the direct light from the twin stars and reveal two individual disks bridged by a complex
interaction. Comparison with numerical models suggests that there could be a channelling of debris from
one disk to the other – a finding that the researchers say might reveal where planets can form in binary
systems (Science 10.1126/science.1179679).

Innovation

A physicist in France has devised what he
claims is a “universal” equation that can
predict how size affects various physical
properties of nanometre-sized structures
(Phys. Lett. A. 374 305). The equation has
been developed by Grégory Guisbiers of the
Institute of Electronics, Microelectronics
and Nanotechnology in Villeneuve d’Ascq
by examining how the size of nanoparticles
affects the temperature at which they either
melt, start superconducting or become fer-
romagnetic (the Curie temperature). He
also considered the Debye temperature,
which is related to how lattice vibrations
conduct heat.

The equation is TX/TX,∞=(1–αshape/D)(1/2S),
where D is the diameter of the nanostructure,
αshape is a parameter related to the surface-to-

volume ratio, and S is the spin of the particles
in the material – either a half for fermions or
one for bosons. TX is the melting, Debye,
Curie or superconducting temperature and
TX,∞ is its value in a macroscopic sample of the
same material. The equation has no adjust-
able parameters and works for all materials,
claims Guisbiers, with the characteristic tem-
peratures decreasing with particle size.

Guisbiers found that predictions obtained
from the equation agree well with experi-
mental data on the melting and supercon-
ducting behaviour of tetrahedral silicon
nanoparticles and spherical lead nanoparti-
cles. He also found that it predicted the Curie
and Debye temperatures of such materials to
within less than 10% of their actual values.
“This is acceptable because the model is
quite simple and only requires knowledge of
the size, shape and spin of the particles
involved,” says Guisbiers.
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