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Lasers for Safety and Security

Safety and security is one of the key areas of attention for the European Commission. To show how
laser science and technology can contribute to a safer werld, in this focus section we give some exam-
ples of recent safety and security related initiatives within Laserlab-Europe. In previous issues of Laser-
lab Forum, we already reported on a number of similar projects related to safety and security. In 2011,
in a transnational access project conducted at LaserLaB Amsterdam, Spanish forensic experts were
for the first time able to detect the presence of DNT, a material found in many explosive materials,
through layers of non-transparent plastics. To accomplish this, they used time-resolved Raman spec-
troscopy, a laser technique extensively researched at LaserLaB Amsterdam, which provides ‘molecular
fingerprints’ to identify chemical compounds. In 2014, CLF spin-out Cobalt Light Systems received the
MacRobert Award, the UK's most prestigious engineering prize, for their application of Spatially Offset
Rarman Spectroscopy (SORS) in an airport security scanner that allows airports to remove the existing
hand-luggage liquid ban. The technique identifies explosive threat materials inside containers in sec-
onds without opening them. More recently, IOE-MUT (Warsaw, Poland) created a multifunctional lidar
systern for stand-off detection of biological clouds at distances up to several kilometres, which can be
used as an early warning device for biological warfare, The bio-lidar system is also able to classify the
type of detected species by making a comparison with a database. More generally, several partners

of Laserlab-Europe have developed laser-based detection techniques that can be used to distinguish
between toxic and non-toxic varieties of the same molecule, for example, and to measure pollution
levels that can be considered a threat to our health and as such a safety risk as well. Finally, we should
also mention the many laser techniques applied to biomedical cases that have been highlighted in La-
serlab Forum over the years. Those, in a way, can also be seen as concerning issues of safety, especially
when these technigues reduce the risk of dying of life-threatening diseases like cancer.

Detection of hidden objects by X-
ray imaging using a laser-generated

low density materials, and applications requiring single
sided imaging. Currently, the application of this tech-
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For detection of objects throughbarriers such asitems
smuggled in a container crate or buried landmines,
standard X-ray detection techniques are inadequate.
In collaboration with the UK's Defence Science and
Technology Laboratory, sclentists from Laserlab-Eu-
rope partner the Central Laser Facility (CLF) have de-
veloped and demonstrated a new approach to probe
for hidden objects or items surrourded by sand or soll.

X-ray backscatter imaging is currently used in a ranga
of technologies, fram portal security, where it is used
to scan aifine passengers, vehicles and containers, to
industrial inspaction, studying the intemal structure of
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nigue to the detection of landmines is limited due to the
surrounding sand or soil strongly attenuating the 10s to
1005 of kel X-rays required for backscatter imaging.

In collaboration with the UK's Defence Science and
Technology Laboratory the CLF have developed and
demonstrated a new approach using a high energy 140
MaV shartpulse (<100 fs) alactron baam, genarated by
laser-driven acceleration, to probe the sample. High en-
ergy electrons are able to penetrate to greater depths
in a sample; thasa alectrons will than produce X-rays via
bramsstrahlung emission, which then backscatter and
travel back through the sample before being detected.
The backscattered X-ray pulses coming from deeper
within the sample will take longer to reach the detectors,
therefore a depth profile can be formed. Scanning across
the sample allows one to generate 3 full 30 like image.

An experiment carried out using the Gemini laser
systemn generated the electron beam by focusing the
laser pulse in a supersonic gas jet. A variety of detector
and scintillator configurations were used to measure the
backscattered X+ray pulses coming from various depths
within the sample, with the main challenge being the
capability of the detectors to resolve pulses that hit the
detector, only billionths of a second apart. Despite this ex-
treme challenge, an X-ray backscatter image of an array
of differant density and atomic number iterns was dem-
onstrated and is the first time a backscatter image with

Left: Adiagram of the set-up of the array of test objects. Right:
Example of an ¥-ray backscatterimage of the object amay shown
left. An amay of objects including 38 mm thick aluminium and
0.14m thick insulation foam are shown For more detmils see:

. Deaset al., i, X-ray Scence and Technology 23, 791-7, 2015,

depth information has been acquired wsing a laser-driven
electron beam to generate X-ray emission in the imaging
target itself.

Although this research is in its very early stages, it is
hoped that it will ultimately lead to a deployable system
that can be used to help detect buried or hidden objects
such as landmines or contraband.

David MNeely (CLF)

Laser lightning protection

French Laserlab-Europe partner LOA will lead a new
FET-OPEN programme called Laser Lightning Red,
almed at developing a new type of lightning protec-
‘tlon. The goal of Laser Lightning Rod Is to investigate
and develop a new type of lightning protection based
onthe use of upward lightning discharges Inftlated by
a high-repetition-rate, multl-terawatt laser,

The feasibility of the novel technigue is based on re-
cent research providing new insights into the mechanism
responsible for the guiding of electrical discharges by la-
ser filarments, as well as on cutting-ed ge high-power laser
technology, and the availability of the uniguely suitable
Santis lightning measurement station in Mortheastern
Switzerland, located at an altitude of 2500 metres,

Bacause of the optical Kam effect, a terawatt wltra-
short laser pulse propagating in air will self-organisa into
thin light channels called filaments. This process results
in long-range propagation of a pulse with multi GW/crm?
peak intensity. Due to ionisation, a plasma track and a
low-dansity channel are laft in the wake of the pulse.

Such longdivad low density channels form a prefer-
ential path for lightning precursors, as has been dem-
onstrated in laboratory experiments where guiding of
electric discharges has been obtained owver distances
of 4 metres. Using a powerful kHz laser in conjunction
with a new type of focusing system should allow the
formation of a long and parmanant low-density chan-

nel able to initiate upward lightning discharges in real
conditions.

LOA will collaborate with Swiss institutions of higher
education Université de Genéwve, Ecole polytechnigue
fédérale de Lausanne (EFFL), and Haute Ecole Spécilisée
de Suisse occidentale (Hes-so), as well as laser company
Trumpf Scientific Lasars, and aircraft manufacturer Airbus
Gl. The Laser Lightning Rod programme has a budget of
3.9 million euros.

Aurélien Houard (LOA)

Laser speed gun velocimeter with
Integrated camera

Since Poland joined the EU, the country has seen a rap-
Id Increase In the number of modern, double balt high-
ways. This, together with increasing demand among
drivers for Indisputable prove of their traffic offense,
led to an urgent need for new methods of measuring
speed of the vehicles. Accordingly, the Institute of Op-
toelectronics (I0E) of the Military University of Tech-
nology (MUT) In Warsaw developed a handheld laser
speed gun velocimeter for law enforcement on public
roads.

Widely used Doppler radar devices are becoming ob-

solete because they do not allow precise beam aiming. The
answer tothat problem is a pulsed laser diode. Combined
with the right optics it can generate a narrow light beam
with milliradian divergence, sufficient for accurate target-
ing.
As a result of joint work of I0E MUT and the ZURAD com-
pany from Ostréw Mazowiecka, a prototype named Rapid
Laser was built based on lidar technology. IOE took the
role of R&D department and ZURAD - the future manufac-
turer of the device - contributad its experienca in the law
enforcement market.

The presented device is based on a 905 nm semicon-
ductor pulsed laser dioda. The enargy of the emitted pulsa
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In the Laser Lightning Rod project, upward kightning flashes will be initiated by a high-repetition-rate, multi- erawatt lase ; directing

lightning awayfrom vulnerable objects.




