
P roducing a powerful laser beam by using
antimatter and ‘sequeezing’ exotic

crystals might sound like something from
Star Trek, but it could become a scientific
fact in the PECU project. The science
focuses on the properties of a class of
materials called crystaline undulators.
These are periodically deformed crystals
whose properties indicate the possibility
of generating spontaneous and stimulated
emission of electromagnetic radiation
at very high energies. The feasibility of
constructing an undulator is a very recent
concept, and the European researchers
involved in PECU, from Germany, Russia,
Denmark and the UK, are among the world
leaders in the field.

Two methods of achieving an undulator are
possible. The dynamic approach uses an
external force, such as powerful acoustic
wave or mechanical deformation, to
periodically bend crystal. The alternative
static approach is to build a periodic wave-
like structure into the crystal by accurate
graded composition of different layers in
the crystal that introduce deforming
strains.

New powerful sources of undu-

lator and laser ‘light’ could be

developed by pulsing high-

energy particles through exotic

crystalline micro-undulators. The

micro-undulator is periodically

‘bent’crystal that contains similarly

bent channels through which

the particles (anti-electrons,

known as positrons) travel. Such

a system becomes a source of

intensive spontaneous mono-

chromatic undulator radiation

and, under certain conditions,

also a source of laser ‘light’.

The device could operate in

the X-ray and gamma region in

which no analogous ‘light’

sources have been developed

so far. The device has various

potential applications including

transforming radioactive waste

and in medicine.

Laser power

No matter how the crystal is constructed, the
result is a short-wave undulator that will
emit high-intensity, highly monochromatic
radiation when pulses of relativistic par-
ticles (particles traveling very close to the
speed of light) are passed through its
‘bent’ channels. The PECU team intends to
use high-energy positrons – the antimatter
equivalent of electrons. The characteristics
of the radiation emitted depends on many
parameters, including the crystal dimen-
sions and the energy of the particles, but
the researchers believe that undulators
become powerful radiation sources in the
gamma and X-ray region of the spectrum.
Such a device would be considerably more
powerful than existing light sources in this
region of photon energies. Currently, the
most powerful type of laser operating in the
soft X-ray regime is the FEL – free electron
laser. To date, there are no lasers designed
to operate at higher frequencies. A laser
based on the crystalline undulator could
produce photons with much higher
energies. In fact, its photon energy
range starts where FEL devices tail-off.

Squeezing crystals 
for laser power
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Producing a powerful laser beam by using antimatter and ‘sequeezing’

exotic crystals could become feasible in the PECU project. 
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The micro-undulator is periodically ‘bent’ crystal that contains similarly bent channels through 
which the particles (anti-electrons, known as positrons) travel. © Johann Wolfgang Goethe Universität

developed during the project will, in any
case, extend knowledge in nano-science,
especially the controlled construction of
crystal channels. These will assist particle-
in-beam handling in high-energy physics
and medical applications such as selective
irradiation (or surgery) of individual cells.

However, the really exciting applications
are for the gamma lasers. A tuneable
gamma laser could significantly reduce
the nuclear waste problem. Recent experi-
ments have shown that gamma radiation

can introduce transmu-
tation of long-lived
radioactive isotopes
to shorter-lived ones:
e.g. Iodine-129 with a
half-life of 15.7 million
years to Iodine-128 with
a half-life of 25 minutes.

Similarly, the laser could be used to induce
nuclear fission of heavy elements.

It could also have a direct application in the
medical field where the laser could produce
useful medical isotopes and act as a source
of positron for imaging techniques such as
Positron Emission Tomography.

The PECU project aims to develop in full the
theory of spontaneous and stimulated
emission of radiation in crystalline undu-
lators to determine a set of parameters
for the design of a crystalline undulator-
based laser. The team will also use both
theory and experiment to investigate the
best method and materials for constructing
the crystal; and finally they will test the
crystal.

Constructing such a device is extremely
challenging and the PECU team will need
to bring together their
varied expertise in
both theoretical and
experimental physics
to achieve their aims.
Full testing of the
undulator laser will
also require an excep-
tionally intense beam of positrons. Initial
testing will use low-intensity beams avail-
able at CERN (European Laporatory for
Particle Physics, CH) to prove the concept
and improve understanding of the inter-
action between the positron beam and the
undulator channels.

Nuclear waste eliminator?

Success for the project could lead to a
number of new applications for high-energy
intensive light sources. The techniques

A tuneable gamma
laser could signifi-
cantly reduce nuclear
waste problems.
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