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4.1 Final publishable summary report 

4.1.1. Executive summary 

The Coherently-enhanced Raman One-beam Standoff Spectroscopic TRacing of Airborne Pollutants 

(CROSS TRAP) project is a specific targeted research project funded in the Future and Emerging 

Technologies funding scheme by the 7th Framework Programme of the EU. The goal of the project is 

to develop a novel laser remote sensing technique for probing air at a distance for hazardous gas-phase 

substances, which, unlike solid particles, are much harder to detect at low concentrations. 

 

This EU project was coordinated by the Photonics Institute of the Vienna University of Technology 

and includes seven other partners: academic research groups at the Ruprecht-Karls University of 

Heidelberg (Germany), Politecnico di Milano (Italy), Bilkent University (Turkey), and the 

International Laser Centre of the Moscow State University (Russia) and hi-tech companies – Menlo 

Systems GmbH (Germany), Light Conversion (Lithuania) and Covesion (UK). 

 

The project pursued a versatile method for standoff chemical identification of trace amounts of 

airborne pollutants that can be fingerprinted using their characteristic vibrational Raman spectral 

signatures. The core idea of the proposal is to enable a standoff, laser-ignited, coherent source of 

radiation shining in the exact reverse direction with respect to an outgoing laser beam. This coherent 

backward beam will interact in gas, with a time-delayed second probe laser beam providing a backward 

propagating signal that is then detected at the laser source using a LIDAR-type apparatus. The radical 

advantage, as compared to traditional incoherent light probing techniques, is in the so-called coherent 

enhancement of the signal, which implies that light waves oscillate in synch rather than randomly to 

form an intense sharp laser-like beam. 

 

The grand technological and scientific challenge of the project is to realise such a backward 

propagating beam from nothing else but clear air far away from the apparatus. The solution to this 

seemingly intractable problem can be engineered by turning air molecules into a plasma column inside 

the laser beam. After the passage of the excitation laser pulse, the plasma lives on for some time, 

around 1ns = 10-9s, during which it continues to evolve and decay. Within a narrow range of 

parameters, various plasma-chemical reactions taking place during the interactions of neutral 

molecules, ions and electrons may briefly turn the column into a laser medium that would emit 

amplified spontaneous radiation from both its ends.  

 

The formation of the plasma column is a self-controlled process that occurs when an intense ultrashort 

laser pulse, rather than diverging out at a distance like the light from a weak laser pointer, will instead 

implode into a brilliant thin thread of light – the filament. Filamentation requires high pulse peak power 

that must exceed a threshold value – the so-called critical power – to make the intensity dependent 

self-focusing of the pulse in a medium able to counteract the diffractive defocusing. Furthermore, 

additional wavelength and pulse energy conditions apply to attain the lasing action from gas molecules. 

 

The main research activities in the project were focused on the development of state-of-the art 

ultrashort pulse laser systems for inducing free-space laser action and facilitating coherent Raman 

spectroscopy with tunable-frequency pulses; experimental and theoretical investigation of laser-like 

emission from gases as an outcome of extreme nonlinear-optical phenomena; and the development of 

suitable Raman spectroscopy techniques. 

 

The project ended in May 2013 achieving the first successful demonstration of the CROSS TRAP 

detection method based on the use of a backward propagating pulse from a filament driven by a high-

energy parametric amplifier operating at an eye-safe mid-infrared wavelength. 
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4.1.2. Summary description of project context and objectives 

CROSS TRAP (Coherently-enhanced Raman One-beam Standoff Spectroscopic Racing of Airborne 

Pollutants) in an FP7 STREP project within the Future and Emerging Technologies Open Scheme. The 

project is coordinated by Photonics Institute, TU Wien (Prof. Andrius Baltuska, 

baltuska@tuwien.ac.at) and includes the following contractors: 

 

Politecnico di Milano     POLIMI, Italy 

Menlo Systems GmbH     MSG,  Germany 

Covesion Ltd.      CL,  UK 

Light Conversion, Ltd     LC,  Lithuania 

Ruprecht-Karls Univ. Heidelberg   UHEI,  Germany 

Internation Laser Center of Moscow State Univ. MSU,  Russia 

Bilkent Univ.      BILU  Turkey 

 

The project website is www.crosstrap.eu. 

 

Project CROSS TRAP tackles the ICT objective of photonic components and subsystems for 

sensing for environment, well-being, safety and security. The project aims at developing a versatile 

method and apparatus for standoff chemical identification of trace amounts of airborne pollutants, such 

as biochemicals, bacterial threats and explosive materials that can be fingerprinted using their 

characteristic vibrational Raman spectral signatures. The core idea of the proposal is to enable a free-

space scheme for coherent stimulated Raman scattering (SRS) in the direction almost exactly reversed 

with respect to an outgoing laser excitation, so that the probe beam can be arbitrarily pointed in any 

unobstructed direction and an enhanced backward propagating signal detected at the laser source using 

a LIDAR-type apparatus. 

The radical advantage, as compared to incoherent light probing techniques, lies in coherent 

enhancement, which implies that light fields are phase-matched, i.e. added in phase, so that the signal 

propagation is confined to very narrow solid angle and the signal magnitude is greatly increased. In 

order to enable the generation of backward SRS signal, a backward propagating laser field must be 

supplied in the form of a reflected/re-scattered fraction of the incident beam or as a beam generated 

through lasing in air. 

The grand technological and scientific challenge in CROSS TRAP is to realize a free-space 

SRS relying on the air itself as a medium emitting a back-propagating beam that facilitates phase-

matching. The emission of the laser-like backward beam is a product of a reversible interaction of gas 

with a strong field of an ultrashort intense laser pulse that leaves in its wake a string of ionized gas 

(plasma) called a light filament. 

 

mailto:baltuska@tuwien.ac.at
http://www.crosstrap.eu/
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The radical advantage, as compared to incoherent light probing techniques, lies in coherent 

enhancement, which implies that light fields are phase-matched, i.e. added in phase, so that the signal 

propagation is confined to very narrow solid angle and the signal magnitude is greatly increased. In 

order to enable the generation of backward SRS signal, a backward propagating laser field must be 

supplied in the form of a reflected/re-scattered fraction of the incident beam or as a beam generated 

through lasing in air. 

The grand technological and scientific challenge in CROSS TRAP is to realize a free-space 

SRS relying on the air itself as a medium emitting a back-propagating beam that facilitates phase-

matching. The emission of the laser-like backward beam is a product of a reversible interaction of gas 

with a strong field of an ultrashort intense laser pulse that leaves in its wake a string of ionized gas 

(plasma) called a light filament. 

In the context of CROSS TRAP, such an artificially enhanced and remotely controlled 

backward-emitting process serves as an enabling mechanism for moving away from an incoherent 

wide-angle signal harvesting in a LIDAR-type probing technique towards a coherent, and thereby 

stronger and less-divergent, beam detection. In a broader sense, far beyond the scope of CROSS TRAP, 

the ability to induce and control light reflection from an isotropic pure transparent gas would 

undoubtedly trigger the development of new free-space techniques in the areas of remote sensing, 

ranging, target illumination, chemical marking and, not unlikely, for eavesdropping on free space 

optical communications. 

The objectives of this project are: 

-demonstration of a controlled atmospheric “back-emitter” by creating and optimizing plasma 

filaments in air; 

Top: Photon transitions emitting an SRS signal. Right: 
Schematic of the CROSS TRAP approach combining 
two ultrafast lasers: an intense femtosecond laser for 
inducing a backward lightwave and a frequency-
tunable laser for SRS probing 
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Strong-field
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-development of a synchronized SRS detection and identification scheme employing a back-

propagating beam geometry facilitated by the filament; 

-development of a fully functioning prototype for a stand-off gas detection based on a laser 

system with a dual frequency output (a femtosecond high-energy mid-IR pulse for filament 

generation and a frequency-tunable narrowband UV pulse for SRS probing); 

-feasibility demonstration of a scheme for filament excitation with a laser operating at an eye-

safe infrared wavelength. 

Among its most decisive achievements within the initial two years of the project, the CROSS 

TRAP Team has developed several types of free-space UV emitters based on filamentation of high-

energy femtosecond pulses and has staged a model experiment proving the feasibility of SRS gas 

analysis using two counter-propagating pulses from two different lasers. The main objective pursued 

during the project was to achieve an SRS stand-off detection using a free-space laser and to integrate 

the whole laser and detection periphery into a single system conceptually shown in the figure below. 

 

 

 

 

 

 

 

 

 

Principle scheme of the remote sensing experiment using a backward propagating atmospheric laser. 

 

The research activities of the project were conducted in four work packages (WP1—4) grouped 

into three distinct research lines. 

Line 1: Engineering of enhanced atmospheric backscattering (WP1), 

Line 2: Characterization, integration, and optimization of backward-enhanced coherent 

Raman scattering (WP2), 

Line 3: Development of laser and pulse delivery systems (WP3 and WP4). 

The roles of the 8 project partners in the research topics of the project are schematically shown in the 

diagram below. 
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4.1.3. Description of the main S&T results/foregrounds 

A. Free-space laser generation 

The detection concept in CROSS TRAP requires generation of spatially and temporally coherent 

pulses from gas, without the aid of cavity mirrors or scattering/reflective surfaces. The premise for the 

feasibility of such lasing was the well-known nitrogen laser that can operate without a cavity by 

emitting an amplified spontaneous emission (ASE) pulse from a plasma column created by an electric 

discharge. The idea pursued by the CROSS TRAP consortium and a number of international 

competitors is to substitute the plasma of an electric discharge with the plasma column generated by a 

self-confined femtosecond laser pulse—the so-called femtosecond filament. Around 2003, 

Prof. S.L. Chin at Laval University observed a nonlinear enhancement of a nitrogen fluorescence signal 

as a function of filament length and laser pulse energy and interpreted this phenomenon as free-space 

nitrogen lasing. Inspired by this pioneering work, the CROSS TRAP consortium investigated several 

different configurations that lead to coherent emission from neutral N2 molecules and from molecular 

ions N2
+ and established that laser-like action can only be achieved under very exclusive conditions 

requiring very special laser excitation and/or chemical mediation to achieve population inversion in 

nitrogen. Below we briefly review several ground-breaking contributions of the CROSS TRAP team 

in filament-induced free-space lasing. 

Lasing in the nitrogen-argon mixture (the Bennett scheme) 

Because of the abundance of nitrogen in Earth’s atmosphere, achieving nitrogen lasing via remote 

excitation would pave the way to many potential applications. In particular, a narrowband source of 

coherent, highly directional radiation would be ideal for highly selective and sensitive remote 

spectroscopy of the atmosphere. Filamentation of intense femtosecond pulses creates a plasma channel 

in which several chemical reactions take place, giving rise to a large variety of neutral and ionic species 

in rotationally, vibrationally, and electronically excited states. This may generate favorable conditions 

for population inversion and lasing between different electronic levels in N2.   

 

Fig. 1. Energy levels scheme for a collisionally pumped N2 laser. 

The energy levels scheme used in a collisionally pumped N2 laser is reported in Fig. 1. Lasing occurs 

according to a three-level scheme in which the upper laser level, the C 3u triplet state,  is populated 

by electron impact excitation from the singlet ground state X 1g. Laser action then can take place 

between the vibrational manifolds of the C 3u and the B 3g states. In a discharge pumped laser, one 
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creates a plasma of hot electrons with kinetic energies around 15 eV, the peak of the excitation cross-

section for the C 3u level. In a filament, it is not possible to control the electron temperature during 

the inversion build-up phase, as well as the duration of the plasma. To facilitate inversion, we play two 

tricks: i) used of a mid-IR (3.9 m) driver pulse; ii) addition of Ar to the N2 gas mixture. The use of a 

mid-IR driver, with respect to the standard Ti:sapphire wavelength (0.8 m) brings with it several 

benefits: first of all the critical power for self-focusing scales as 2, allowing to put significantly higher 

powers (up to 250 GW) in a single filament. Then the ponderomotive energy of the electrons in the 

laser field, which also scales with 2, is considerably higher (Ep = 48 eV for a 3.9 m driver vs. Ep = 

2 eV for a 0.8 m driver) allowing to reach significantly higher electron temperature in the discharge. 

The addition of Ar gas facilitates excitation of the C 3u upper laser level through a resonant excitation 

energy transfer mechanism (Bennett mechanism). First excited metastable atoms of argon are produced 

as a result of a two-step kinetic process in the filament plasma involving three-body collisions Ar+ + 

2Ar→ Ar2
+ + Ar followed by dissociative recombination Ar2

+ + e→Ar∗(43P2)+Ar. Excited state 

population in N2 then occurs through the process Ar∗(43P2) +N2 (X 1g )→ Ar + N2 (C 3u). 

 

Fig. 2. Spectra of (a) fluorescence from 1 bar of pure nitrogen and (b) lasing from the 1 bar of N2 and 5 bars of Ar 

mixture. 

The free-space laser is driven by a high-power mid-infrared (mid-IR) optical parametric 

chirped pulse amplifier (OPCPA), providing 80-fs, 8-mJ pulses at a 20-Hz repetition rate at 3.9 μm. 

To drive the filament laser, the OPCPA beam is focused by a f = 2 m focusing lens into a 4-m-long 

gas cell with Brewster-angled input and output windows made of CaF2. An uncoated CaF2 plate is 

inserted into the input beam to enable characterization of backward emission from the filament. Below 

the lasing threshold, a well-known UV fluorescence spectrum of N2 is observed from the gas cell [Fig. 

2a]. At the input mid-IR pulse energy of 7 mJ, backward UV nitrogen lasing from the gas cell is 

observed at the nitrogen pressure above 0.3 bar and the argon pressure above 3 bar. Lasing was 

achieved simultaneously for two lines at 337 and 357 nm [Fig. 2b], belonging to the second positive 

band of N2. The threshold and efficiency of lasing as a function of partial pressures of nitrogen and 

argon in the gas mixture are summarized in Fig. 3. It can be seen that laser action takes place only for 

an argon pressure exceeding 3 bar. At a fixed nitrogen pressure, the lasing efficiency increases with 

the increase of argon pressure and saturates at around 6 bar [Fig. 3a]. At a fixed argon pressure, first 
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the lasing efficiency increases with the increase of nitrogen pressure and then drops after passing a 

broad maximum at around 1.7 bar [Fig. 3b]. 

For the optimal mixture (1 bar N2 and 5 bar Ar), the measured sum energy at 337 and 357 nm 

lines reached up to 3.5 μJ, corresponding to a 0.5% energy conversion efficiency from the mid-IR laser 

pulse to UV radiation. The temporal profiles of the N2 laser pulses at 337 and 357 nm are presented in 

Fig. 4a: lasing at 337 nm develops about a nanosecond earlier than at 357 nm and is emitted as a shorter 

subnanosecond pulse, whereas the duration of a 357-nm pulse is about 2 ns FWHM. The measured 

spatial beam profile is shown in Fig. 4b and has a roughly super-Gaussian shape. Low beam divergence 

of about 1.6 mrad was retrieved by measuring the beam profile as a function of the distance from the 

gas cell. Insertion of a 2-mm-thick CaF2 parallel plate in the beam results in the appearance of clearly 

seen interference fringes [see inset on Fig.4b], proving a high temporal coherence of the generated UV 

emission. 

 

Fig. 3. Dependence of the total lasing efficiency on (a) partial pressure of argon for fixed partial pressure of nitrogen 1 

bar, and (b) partial pressure of nitrogen for fixed partial pressure of argon 5 bar.  

 

Fig. 4. (a) Temporal profiles of the 337-nm (blue solid curve) and 357-nm (magenta dashed curve) laser pulses from 

the nitrogen-argon mixture. (b) The UV-lasing beam profile. The red dotted line shows a 6th-power super-Gaussian fit. 

Insert is a CCD image of interference in the beam from a 2-mm-thick CaF2 parallel plate. 

The Bennett scheme is the only one so far in which the CROSS TRAP has generated measurable 

backward propagating UV pulses. Consequently, this scheme was employed in the filament-based SRS 

experiment demonstration described in Sec. C. 
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Lasing in pure nitrogen under mid-IR excitation 

Our experiments in the nitrogen-argon gas mixture have demonstrated that a mid-infrared femtosecond 

laser filament can induce backward-directed lasing of molecular nitrogen via a resonant excitation 

transfer mechanism. We have shown that a filament-assisted nitrogen laser can be at least as efficient 

as its conventional discharge-pumped counterpart. Also, mid-IR ultrashort laser pulses have been 

shown to radically enhance filamentation-assisted lasing of N2 relative to ultrashort pulses in the near-

IR. However, the major step towards realization of UV lasing in nitrogen under atmospheric conditions 

would be a proof of the possibility to realize electron-impact mechanism of population inversion in 

nitrogen under conditions of mid-IR filament. 

 80-fs, 8-mJ pulses at a 20-Hz repetition rate at the wavelength of 3.9 m where focused in the 

gas cell filled by pure nitrogen under various pressures. Before filling nitrogen, the cell was pumped 

out down to 510-2 mbar. We used different focusing lenses with focal lengths in the range of 20 cm – 

100 cm, observing transition from short laser sparks in the gas for the case of sharp focusing (f<50 cm) 

to the filament formation for loose focusing. Although the laser system provides femtosecond pulses 

with the peak power on the level of 100 GW, it is still not high enough to overcome self-focusing 

threshold (our estimation of critical power at 4 m wavelength is about twice higher). Therefore, we 

are inevitably forced to use high gas pressures in the cell to achieve filamentation. The lifetime of the 

upper excited lasing state in nitrogen is about 1-2 ns for 1 bar of partial pressure and scales inversely 

proportional to the pressure. Thus, the gain for forward-propagating lasing in nitrogen under high 

pressure conditions becomes substantially higher than for the backward direction, as it is known well 

in the discharge-pumped nitrogen lasers. That is why we concentrated our efforts on lasing detection 

in the forward direction. A several mm block of fused silica was used to absorb 4 m laser radiation 

after the cell. Then, a set of interference filters was used to block harmonics of the fundamental 

wavelength and spectral continuum generated in the gas. A fast photodiode, a spectrometer and a CCD 

camera were used, respectively, for the temporal, spectral and spatial characterization of nitrogen 

lasing. 

Using an f=100 cm lens to create a filament, laser generation in nitrogen at 337 nm wavelength 

was achieved for the gas pressures starting from 6 bars. The spectrum of the generated UV emission 

is presented in Fig. 5a. The pressure dependence of the lasing, presented in Fig. 5b, has been measured 

with a fast photodiode. At high pressures, necessary to achieve filamentation and lasing in our 

experiments, generated UV pulses have duration on the order of several hundreds of picoseconds 

which is beyond the temporal resolution of the photodiode. That is why the complete temporal 

characterization of the UV emission was not possible. The dependence of the UV yield on the gas 

pressure p can be very well fitted by the exponential law ∝ 𝑒𝑥𝑝(𝛼√𝑝), as it is shown in Fig. 5. This 

can be explained using the following argument: The lifetime of the upper lasing has reciprocal 

dependence on the gas pressure and, hence, the stimulated emission cross-section  in the gain 

expression 𝑔 = 𝜎𝑁𝑙. However, the collisional probability and, therefore, the population inversion 
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density grow proportionally to the pressure. As a result, pressure dependence of these two products 

cancels each other in the gain expression. In the same time, the filament length and correspondingly 

the amplification length are increasing proportionally to √𝑝, resulting in roughly the same overall law 

of the gain dependence on the gas pressure.  

 

Fig. 5 a) Spectrum of UV lasing from 6.7 bars of pure nitrogen (blue line) and spectral transmission of the interference 
filter (dotted line); b) pressure dependence of lasing intensity for f=100 cm focusing lens (red dots) and for f=75 cm focusing 
lens (blue dots). Solid lines are exponential fits. 

The spatial structure of the generated UV light is presented in Fig. 6. The beam divergence of 

about 5.6 mrad was retrieved by measuring the beam profile as a function of the distance from the gas 

cell in the case when the filament was formed by the f=100 cm focusing lens. Measurements with 

different focusing lenses have shown that the beam spatial structure depends on the focusing 

conditions. For loose focusing the beam always has demonstrated a donut-like structure. For relatively 

sharp focusing, the beam had a bell-shape structure close to the Gaussian profile. One of possible 

explanations for this focusing conditions dependence might be the beam refraction on plasma 

undergoing hydrodynamic expansion. To prove this, we plan to extend our zero-dimensional plasma 

kinetics model to a two-dimensional cylindrically symmetric model which will include transversal 

dynamics and longitudinal distribution of the plasma.  

 

Fig. 6 Spatial structure of the 337 nm generated beam from a mid-IR filament in 6.7 bars of pure nitrogen for a) f=100 cm 
focusing lens and b) for f=50 cm focusing lens. 
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To measure the efficiency of the lasing, we used a UV photodiode calibrated with a home-

made OPA picosecond laser system providing several micro-joules energy at 337 nm wavelength. 

Including the correction for the interference filter transmission, we determined that about 60 nJ of 

energy is emitted in the 337 nm generated beam under 7 bars of nitrogen pressure. 

Air lasing from picosecond optical breakdown 

Generally, filamentation with mid-IR laser presents distinct advantages over near-IR laser pulses for 

sustaining free-space lasing because the free electrons produced by long-wavelength pulses have a 

significantly higher kinetic energy which makes nitrogen population inversion through collisional 

excitation much easier. However, as will be shown in Sec. B, efficient generation of mid-IR pulses is 

a serious challenge. On the other hand, efficient high-energy near-IR lasers are much easier to build 

than their Mid-IR counterparts, and it is comparatively easy to get access to intense near-IR sources. 

The choice of the filament pump laser requires deep theoretical understanding of inversion 

mechanisms in different plasma excitation/driver scenarios and, therefore, must be properly addressed 

by numerical models. 

Very important progress was made in the development of a self-consistent numerical model 

capable of seamlessly connecting photoionization in the presence of a strong laser field on the initial 

femtosecond time scale to the long picosecond-nanosecond time scale during which the plasma evolves 

freely in the presence of multiple plasma-chemical recombination and de-excitation channels. The 

model was developed by Dr. D. Kartashov (TU Wien) in cooperation with Prof. M. Shneider 

(Princeton U.) and applied numerically to the cases of femtosecond and picosecond filamentation 

under the conditions of the corresponding experiments performed in CROSS TRAP. 

Based on the results of these numerical simulations, it became possible to predict the energy 

distribution functions of the plasma electrons and explore pathways of electron heating (with field and 

field-free) and of cascaded excitation of nitrogen molecules. Figure 7 shows the calculated electron 

energy distributions and time-dependent population evolution of the 337-nm nitrogen laser in air as a 

function of the pump laser wavelength. These and other modeling results show the clear advantage of 

long-wavelength sources in the creation of hot electrons with energies of ~15 eV, which are required 

for the collisional pumping of the nitrogen laser. It also shows, that in order to use shorter laser 

wavelength for filament-induced nitrogen lasing, additional measures, such as plasma heating, have to 

be taken to achieve population inversion. 

The results of plasma modeling clearly show that obtaining population inversion directly with 

femtosecond near-IR laser pulses without auxiliary means is very difficult as the resultant free electron 

plasma is not sufficiently hot for pumping the lasing transition in nitrogen. One opportunity to increase 

the kinetic energy of the electrons is to heat the plasma with longer, picosecond or nanosecond pulses. 

In an external CROSS TRAP collaboration with the group of P. Polynkin at University of 

Arizona, we were able to investigate the transient regime between the long electric discharge, creating 

a hot plasma for pumping conventional nitrogen lasers, and femtosecond filamentation that leaves a 

cold plasma insufficient to populate the lasing level of the 337-nm nitrogen transition. By gaining 

access to a 12-J Nd:glass laser at the Lawrence-Livermore National Laboratory, we were able to 

generate a much hotter plasma with stretched picosecond pulses that led to the generation of clearly 
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detectable 337-nm pulses. This study has extremely broad implications because it confirms the ability 

to achieve atmospheric lasing in a single properly configured pump laser pulse. It also proves that it is 

feasible for population inversion to outcompete multiple population loss channels in air on the 

picosecond time scale. 

 

 

 

 

 

 

 

 

Fig. 7. Left: Calculated Energy distribution function of photo-electrons calculated by for different wavelengths of a laser 

generating the filament. Right: Time dependence of the population inversion for different filamentation wavelengths. 

The measurements performed at LNLL with the 1053-nm COMET laser, that has a huge energy 

reserve for our purposes, have enabled us to investigate a long picosecond pulse regime under the 

conditions of intensity clamping like in a traditional femtosecond filament. We observed the onset of 

lasing after the pump pulse duration was gradually increased to a couple of picoseconds and explain 

this phenomenon by a gradual buildup of plasma that becomes significantly hotter in the field of the 

picosecond pulse than a decaying plasma left behind by a femtosecond ionizing pulse. The sketch of 

the experimental setup for high-energy filamentation and a snapshot of the picosecond discharge are 

shown in Fig. 8. 

 

Fig. 8. Left: schematic of filamentation with the COMET laser. Right: spark in air by a 12 J, 10 ps pulse.  

 

An example of the recorded UV part of spectrum is shown Fig. 9,left. In this measurement, the 

pump pulse energy and duration were 10 J and 10 ps, respectively. An interference filter with the 

bandwidth of 10nm and the center wavelength of 340nm was used to reduce the background from the 

third harmonic. Even though the third harmonic of the pump is severely attenuated by the filter, it is 
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still the dominant spectral feature, as its total energy is much higher compared to that of the 337nm 

nitrogen line. 

 

 

Fig. 9. Generation of linearly-polarized 337-nm pulses with Joule-level picosecond pulses of the 1053-nm LLNL Comet 

laser. Left: 337 nm line appearing next to the third harmonic spectrum of the fundamental laser frequency. Right: a 

frequency-resolved streak camera image registering a picosecond delay of the 337-nm lasing. The delay with respect to the 

pump pulse is due to picosecond plasma evolution and a gradual inversion buildup. 

 

 The far-field divergence angle of the third harmonic beam, retrieved from photographs of 

fluorescence on a paper screen, is about 1°, which is much larger than the diffractive divergence rate 

corresponding to the mm-scale diameter of the plasma channel inferred from photographic images of 

the channel. That suggests that the channel is broken up into many individual filaments and the third 

harmonic beam is highly spatially multimode. The 337nm beam was too weak to be filtered out and 

imaged separately. However, by translating the spectrometer slit across the beam and recording the 

amplitude of the 337nm line as a function of the transverse displacement, we found that the divergence 

of the 337nm beam was also about 1°.  

By fixing the peak power of the pulse and varying the pulse duration, we observe a threshold-

like behavior of the 377-nm emission, clearly indicating evolution of population inversion in time (Fig. 

10, left). Our numerical simulations, performed in accordance with the newly developed model, 

corroborate this conclusion (Fig. 10, right). Additional evidence in support of this model is the direct 

observation of a delay between the pump pulse and the emitted 337-nm seen in the measurement 

performed with a streak camera (Fig. 9, right). 
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Fig. 10. Left: Amplitude of the 337nm spectral line as a function of the FWHM width of the pump pulse at 1,053 nm. The 

peak power of the pump pulse is kept constant at 1.1TW. Right: numerically simulated population evolution. Blue line – 

time dependence of the electron temperature. Red line – time dependence of population inversion density. 

Coherent emission from nitrogen cations 

Femtosecond filamentation (under long focusing conditions) and a laser-induced spark in the case of 

optical breakdown in gas (under tight focusing conditions) release significant quantities of ionic 

(predominantly N2
+) plasma. In 2011, several groups, including the CROSS TRAP team, nearly 

simultaneously reported strong coherent linearly-polarized emission at N2
+ transitions that appears to 

act as an optical amplifier to a seed resonantly supplied at the corresponding transition frequency. 

Intense work on trying to explain the mechanism of this optical amplification is ongoing at TU Wien, 

SIOM (China) and INRS (Canada). 

Below we now briefly review the status of our research on coherent emission from molecular 

cations. The UV emission consists of very narrow spectral lines at 358, 391 and 428 nm corresponding 

to well-known N2
+ transitions. Examples of this seeded emission obtained in the measurements by the 

CROSS TRAP team with 4-m and 1-m excitations are shown in Fig. 11, left and right, respectively. 

The resonant seed components were generated as a result of harmonic generation and spectral 

broadening of the pump/harmonic pulses through the process of self-phase modulation. 

 

Fig. 11 Forward-directed bright emission from N2
+. from a laser-ignited spark. Left: Excited with a 4-m pulse and 

apparently seeded by its 9th and 11th harmonics. Right: Excited with a 1-m pulse and seeded by the wing of the white light 
continuum that stretches into the UV. 

Although the behavior of the observed emission resembles that of a laser-like amplifier, the 

time-resolved data prove that the coherent UV emission decays over many picoseconds, well outside 
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the temporal overlap with the resonant field of the supercontinuum pulse (Fig. 12). The emitted signal 

is strongly modulated in time with the periodicities corresponding to the rotational revivals of both the 

ground and the excited ionic states, whereas its carrier frequency is modulated by the rotational revivals 

of neutral nitrogen molecules. This complex ringing tail structure provides a strong hint about the 

importance of rotational excitations in N2
+ and suggests the first possible candidate for the explanation 

of the physical mechanism behind this emission. This is the four-wave-mixing (FWM) scenario on 

non-instantaneous cubic nonlinearity in rovibrationally excited molecules.  

 

Fig. 12. a) Experimentally measured DFG XFROG trace between 1030 nm reference femtosecond pulse and output 

continuum in the vicinity of 391 nm wavelength. b) Cross-correlation function retrieved from the XFROG trace. The blue 

and green lines show the cross-correlation for two different gas pressures. The magenta line shows the results of 

simulations with FWM with non-instantaneous cubic nonlinearity. 

In a cooperation between TU Wien and UHEI we once again performed a series of 

measurements with shaped pulse trains, this time simultaneously performing a time-gating experiment 

to temporally resolve the appearance of the UV emission. Figure 13 shows that the 391-nm pulse is 

emitted after the second prominent peak that is roughly delayed by a half rotational revival from the 

first prominent peak in the pulse train. Interestingly, the UV emission does not overlap exactly with 

the second peak but is visibly delayed with respect to it. Whereas we are not able to come up with the 

full model of this phenomenon at this time, we believe that the plausible explanation of this emission 

mechanism is a laser action “without inversion”. This implies that while there is no statistical inversion 

between the populations of the ground and excited ionic states, there are brief femtosecond time 

intervals in time during which the system appears inverted due to the spatial occupancies of these states 

that continuously evolve with the rotational dynamics of the nitrogen molecular ion. 

a) b) 
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Fig. 13. Gray shaded plot – cross-correlation from SFG XFROG trace between the reference pulse and the optimal pulse 

train propagating through the cell under vacuum; blue line – the same for the train propagating through the cell filled with 

5 bars of nitrogen; red line - cross-correlation from DFG XFROG trace between the reference pulse and 391 nm emission. 

Note that the 391-nm pulse is clearly delayed with respect to the second most intense peak of the pump pulse. 

The explanation of this possible “inversion-free” mechanism of emission is given in Fig. 14 

that shows appearance of optical gain in a non-inverted nitrogen system with rotational excitation. The 

ratio R stands for the ratio of population fractions in the ground (X) and in the excited (B) states of the 

cation. Instances of gain are achieved when the difference between the aligned fractions, weighted by 

the respective populations, becomes briefly negative.  

 

 

 

 

 

 

 

 

 

 

Fig. 14. Gain (Upper panel -gain without inversion for R=1/2 (67% population in the ground X and 33% in the B-state 

correspondingly), lower panel - for R=3/4 (57% population in the ground X and 43% in the B-state correspondingly). 

Despite being an incredibly interesting highlight of the research activities in CROSS TRAP and a great 

stimulus for further research in the area, the results obtained from the cation emission cannot be directly 

used in the currently existing CROSS TRAP apparatus because we were not able to observe coherent 

cation emission signals in the backward direction. 

-6 -4 -2 0 2 4 6
0.0

0.5

1.0

C
ro

ss
-c

o
rr

e
la

tio
n
 in

te
n
si

ty

delay (ps)



19 

 

B. Development of high-energy driver laser operating at an eye-safe wavelength 

During the project we were able to demonstrate significant advantages of mid-IR filament initiation 

that provided a much hotter plasma than the NIR sources, as discussed in Sec. A However, one major 

drawback of the mid-IR pump pulses with respect to its NIR counterparts was the demand for a much 

higher pulse energy as the consequence of 2 scaling law of the critical power of self-focusing. This 

circumstance forced us to study free-space lasing from gas in a gas cell, where the gas pressure could 

be raised to several bars (~5 bar) to compensate the shortage of pulse energy that would be required 

for filament formation under normal atmospheric pressure. The estimated pulse energy at 4 µm 

required to achieve filamentation in ambient air is about 40 mJ. Upgrading the main CROSS TRAP 

laser system, the high-energy mid-IR OPCPA at TU Wien (Fig. 15) to such a high output pulse energy 

proved to be unfeasible with the available financial resources. Fortunately, partner MSU was able to 

secure third-party investment to build such a system that was implemented by TU Wien and LC and 

involved another SME outside the CROSS TRAP consortium, EKSPLA Ltd. At the time of submission 

of this report, the new laser system developed for MSU is awaiting its installation in Moscow. During 

the development, the OPCPA stages were assembled but not tested because the pump laser purchased 

from EKSPLA could not be installed in the TU Wien lab for the lack of space. According to 

conservative estimations, the OPCPA system should deliver a compressed 4-µm pulses with the energy 

of ≥50 mJ at 20 Hz. 

 

 

 

Fig.15. Concept (top) and detailed schematics (bottom) of the hybrid CPA/OPCPA few-cycle mid-IR system. 
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Whereas the original 13-mJ mid-IR OPCPA at TU Wien has a lot of legacy issues resulting 

from a gradual evolution over the years, the newly developed system for MSU has a clear modular 

four-box design consisting of a picosecond pump laser built by EKSPLA and three system modules 

built by AmpLight KG, the TU Wien spin-off recently established at the project coordinator’s 

institution with participation of LC. These system modules—a femtosecond CPA, a femtosecond OPA, 

and an OPCPA—each perform a very distinct function in the system. The schematic of system 

interconnections is given in Fig. 16.  

 

 

Fig. 16. Layout of the high-energy 20-Hz MID-IR OPCPA to be installed in Moscow 

The picosecond pump source is a flash-lamp pumped 100-ps 20-Hz Nd:YAG laser built by 

EKSPLA using the multi-output beam configuration developed by the CROSS TRAP team. The 

photograph of the Nd:YAG laser, taken at the site of the manufacturer, is shown in Fig. 17. Based on 

the knowledge obtained during the tests with Joule-class pump heads at TU Wien, we have worked in 

close cooperation with EKSPLA to optimize the number and performance of the power stages. As a 

result, the pump laser has three outputs, to match the number of OPCPA cascades, with the output 

energy scaled progressively according to the demands of each cascade. Using this approach we thus 

were able to significantly reduce the B-integral of the picosecond laser which would be the case if the 

entire laser output would be first amplified in a single amplifier channel and subsequently divided into 

three unequal arms. Another benefit of this approach is the ability to avoid the use of very demanding 
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and expensive Ø18 mm laser heads. Instead, the new pump laser has two mutually compensating Ø12 

mm heads which still ensure ~700 mJ pump energy at 1064 nm for the final KTA OPCPA cascade. 

 

Fig. 17. 3-Channel 20-Hz 100-ps pump laser built by EKSPLA 

The remaining part of the system consist of a 10-W 1-kHz femtosecond DPSSL Yb amplifier 

(CPA) that drives a femtosecond OPA, and a cascaded OPCPA that is pumped by the EKSPLA Nd 

laser (Fig. 16) The CPA and Nd:YAG lasers are optically synchronized via a common oscillator (Flint, 

Light Conversion). The femtosecond parts of the system (CPA+OPA) are shown in Fig.18.  

The femtosecond part of the system was completely built and aligned in Vienna. Unfortunately, 

there was not enough lab space to temporarily install the picosecond pump laser in Vienna. As a 

compromise, OPCPA was preassembled at TU Wien. At the time of writing, the entire OPCPA system 

is in transit to Moscow. The installation and testing of the system is scheduled for early July 2013. 

 

 

 

 

 

 

 

 

 

 

Fig. 18. Femtosecond CPA and OPA at TU Wien before shipment to MSU 
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C. Stimulated Raman Spectroscopy with a free-space filament laser 

The main experimental objective of the CROSS TRAP project was to achieve remote sensing of a 

gaseous sample via backward SRS with a Raman pump generated by lasing in the atmosphere. The 

conceptual architecture of the system is shown in Fig. 19: It requires the combination of the backward 

propagating, remotely pumped atmospheric N2 laser (acting as a Raman pump beam) with a 

synchronized, narrowband tunable laser beam sent in the forward direction (acting as a Stokes beam). 

When the frequency difference between the pump and Stokes matches the Raman resonance of the 

molecule to be detected, then the backward propagating Raman pump beam experiences SRL, enabling 

molecular fingerprinting. For spectral resolution, both pump and Stokes need to be narrowband and at 

least one needs to be broadly tunable in order to address different resonances. Since the atmospheric 

probe laser is already narrowband and at a fixed frequency (337 nm), we need to generate a tunable 

synchronized narrowband UV Stokes pulse. In our setup, the filament is initiated by a high-power mid-

IR (4 m) OPCPA driven by a femtosecond  pump, while the tunable Stokes is obtained by nonlinear 

frequency conversion of the laser pulses generated by the same laser system that drives the mid-IR 

OPCPA. 

 

Fig. 19. Architecture of the system for backward SRS experiment using as probe the atmospheric N2 laser.  

To introduce the second laser arm, required for probing the SRS signal by detuning the output 

optical frequency with respect to the fixed 337-nm output of the free-space laser, we utilize the fourth 

harmonic of the uncompressed signal pulses of the OPCPA centered at 1460 nm. The spectrum of the 

signal wave extends from 1420 nm to 1520 nm, which gives a tunability of the fourth harmonics from 

355 nm to 380 nm. This corresponds to a Raman shift with respect to the 337 nm radiation ranging 

from 1500 cm-1 to 3350 cm-1. In order to boost the energy of the Stokes pulses a two stage OPA based 

on a 4-mm-thick type I BBO and a 10-mm-thick type I LBO crystal, pumped by a frequency-doubled 

fraction of the output of picosecond Nd:YAG laser system, was constructed. The OPA is seeded by 

the second harmonic of the OPCPA signal pulses which is spectrally filtered by using a 1700 nm 

transmission grating and 3-mm slit separated by a distance of 1.5 m. Due to the spectral filtering of the 

seed, the bandwidth of the amplified pulses is in the order of 1.5 nm FWHM, which after frequency 

doubling results in 0.7 nm FWHM UV Stokes pulses. Typical spectra of the output of the OPA and its 

second harmonics together with the 337 nm lasing from a filament are presented in Fig. 20, left panel. 

The two-stage OPA produces 0.9 mJ pulses which are frequency doubled in a 15 mm-thick BBO 
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crystal. Energy of the generated UV pulses is in the order of 0.2 mJ while measurements of cross-

correlation function with 200 fs pulses from the Yb:CaF2 CPA system reveal 7.4 ps pulse duration 

(Fig. 20, right panel). 
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Fig. 20. Left panel: linewidth of the pump pulse (backward free-space filament emission) and of the Stokes pulse spectrally 

compressed fourth harmonic of frequency-filtered signal wave of the OPCPA. Right panel: cross-correlation of the UV 

pulse with a 200 fs IR pulse. 

One challenge of the setup is the spatial separation of forward propagating IR beam (the 4 m 

filament igniter) and backward propagating UV light (the filament laser). Since it was difficult to 

identify suitable beam splitters, we decided to use a pair of CaF2 Brewster prisms separated by a 

distance of 7 cm. Because of the small distance between the prisms introduced for the 4-µm pulses, 

pulse spreading and spatial chirp effects are negligible. On the other hand, because of the different 

index of refraction for 4-µm (n = 1.40964) and 337-nm (n = 1.44814) light, back propagating UV 

pulses are deflected in such a way, that they bypass the apex of the second prism. Furthermore, because 

of the narrow bandwidth of the backward propagating UV light an uncompensated divergence (angular 

chirp) after the propagating only through a single prism is negligible. 

We have developed a setup allowing high precision measurement of the probe and reference 

pulse energies, according to the scheme proposed by Schriever et al.  In order to detect SRL in CH4, 

the pump-Stokes frequency detuning had to be adjusted to match the 2917 cm-1 1 band. The nitrogen 

laser emits at 337 nm and its bandwidth was determined to be <2 cm-1 by a single Czerny-Turner 

monochromator. The OPA wavelength was tuned to 748 nm, with the corresponding second harmonic 

centred at 374 nm. The spectral width of the Stokes pulses was measured to be 0.7 nm (~50 cm-1) 

FWHM, using a spectrometer with 0.3 nm resolution. The rather broad bandwidth of the Stokes pulses 

is determined by the limited spectral selectivity of the diffraction grating based filter described in the 

previous section. Spectra of pump and Stokes pulse are reported in Fig. 20, left. 

Having set the proper detuning between pump and Stokes pulses, we recorded the SRL signal 

in a gas cell filled with 6 bar of CH4. The maximum SRL signal was measured to be 610-3. By 

changing the pump-Stokes delay, as shown in Fig. 21, left, we are now in a position to determine the 

duration of the N2 filament laser pulse, which was found to be 360 ps. For a filament N2 laser the pulse 

length is determined by either the lifetime of the excited N2 (in the case of a very short filament) or by 

both the lifetime and the length of a filament (if the length of a filament is close to or longer than a 
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product of the pulse duration and the speed of light). In our particular conditions, the 360 ps pulse 

duration is consistent with a filament length, determined visually, between 10 and 20 cm. The 

dependence of the SRL signal on pump-Stokes frequency detuning was characterized in Fig. 21, right 

by simultaneously tuning the OPA and the second harmonic crystals. As expected the measured 

spectrum peaks at around 2915 cm-1. The bandwidth of the measured response is in the order of 0.5 nm 

and is determined by the spectral width of the Stokes pulse. 

 

 

 

 

 

 

 

 

 

Fig. 21. Stimulated Raman Loss measurement in CH4 using a free-space laser pulse at 337 nm from nitrogen gas 

in the filament afterglow and a tunable UV pulse from an OPA. Left: Raman signal dependence on the temporal 

overlap between the atmospheric laser and OPA pulses. Right: Raman signal dependence on the frequency detuning 

between the 337-nm atmospheric laser pulse and the OPA pulse showing the signal peak at the methane resonance 

around 2917cm-1. 

Despite the low sensitivity in this experiment, this is a successful, first of its kind demonstration of 

remote Raman sensing based on free-space laser emission and definitely one of the most important 

achievements of project CROSS TRAP. 

D. Development of a rapidly tunable burst-mode Yb fiber amplifier. 

In the actual demonstration of the remote sensing capability of the CROSS TRAP method, the second 

main laser system under development in the project was not used. The decision not to integrate this 

laser in the final system was motivated by the inability of the fiber amplifier to fulfill the pulse 

parameters required for performing SRS spectroscopy in the UV, and not in the visible range as had 

been envisaged in the project application. Nevertheless, the joint effort of four CROSS TRAP partners, 

MSG, BILU, CL and POLIMI, has resulted in the development of a remarkable laser technology that 

by all means will find many applications beyond the original intention that incepted it in our project. 

The general architecture of the burst-mode Yb fiber amplifier developed for CROSS TRAP 

project is shown in Figure 22. The system consists of two polarization maintaining (PM) integrated 

fiber amplifier arms, one for the high repetition rate signal centered around 1030 nm (to be referred to 

as the 1030 arm from here on), and the other for that centered around 1060 nm (to be referred to as the 

1060 arm from here on). The current design of the two amplifier arms is similar, such that the high 

repetition rate pulses are stretched and then amplified with cascaded continuously pumped 

preamplifiers up to the vicinity of 1 W. Thereafter a fiber-integrated acousto-optic modulator (AOM) 
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impresses the desired pulse burst mode to the signal. The system is operated at 1 kHz burst repetition 

rate in accordance with the project requirements, leading to an effective repetition rate at the tens-of-

kHz level and to a strong reduction of the average power. The signal is then amplified by two cascaded 

preamplifiers and finally by a power amplifier, which are all pumped by pulsed sources synchronized 

with the signal burst. The main differences between the 1030 and 1060 arms are the length of the 

stretch fiber, equal to 450 and 300 m, respectively, and the presence of an additional third preamplifier 

for the 1060 branch.  The main reason for this difference is the lower Yb gain at this wavelength. 

 

Fig. 22. Schematic of the burst-mode amplifier 

Two arbitrary waveform generators (AWG) and a field programmable gated array (FPGA) circuit are 

used to drive the AOM and the pulsed pump diodes. The FPGA circuit is triggered by the oscillator 

signal and in turn it triggers the AWGs that drive the AOM and the pump diodes. In this way, locking 

of the pump drive signals and of the AOM gate signal to the seed signal is obtained, minimizing the 

jitter of the pulses inside the burst and facilitating an homogenous energy distribution within the burst. 

To further improve the uniformity of the pulse energies inside the burst avoiding gain depletion effects, 

a pre-compensation technique was used that involves a complex ramp-shaped gate signal to be applied 

to the AOM.  

A free-space backward-pumped configuration was used in the power amplifier since allowing 

for the shortest fiber length. Such length needs in fact to be as short as possible for suppression of 

ASE, which is inherently present in the low effective repetition rate regime. The pump capacity of the 

power amplifier was increased in the third year of the project by tripling the number of 25-W diodes. 

This power boost allowed the pump energy to be stored in the gain fiber for a shorter time period, thus  

favoring ASE suppression. The ASE formation is anyway monitored in the system by means of an 

external AOM (see Fig. 22). 

The amplifier system was integrated with the 500-MHz Menlo oscillator that has two linearly 

polarized output channels, the one centered at 1030 nm and the other at 1060 nm, whose spectra are 

reported in Fig. 23. In a regime close to the upper energy limit, the 1030 arm was able to amplify 50-

ns-long bursts to an overall energy of 550 µJ while the 1060 arm stopped at approximately half of this 

value, i.e. 275 µJ. Since each burst contains ~25 pulses, this yields average amplified pulse energies 
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of 22 µJ and 11 µJ for the 1030 and 1060 arms, respectively. The amplified pulse trains are shown in 

Fig. 24. The slow AOM response (rise and fall times of ~8 ns) as compared to the 2 ns period of the 

oscillator signal impaired the homogeneity of the pulse energy distribution inside the burst, giving rise 

to energies of ~28 µJ and ~18 µJ in the central part of the burst from the 1030 and 1060 amplification 

arms, respectively. The amplified output spectra for the two arms are given in Fig. 23a and b, 

respectively. Due to the high amplification level, a consistent shift of the spectrum was actually 

observed at the output of the 1060 nm arm (Fig. 23b) as compared to the input (inset on the same 

panel).  

          
Fig. 23. Seed signal spectra generated by the 500-MHz oscillator in the 1030 (a) and 1060 (b) arm. 

 

 

 

 

 

 

 

Fig. 24. Amplified 50-ns pulse bursts of total energy (a) 550 µJ from the 1030 arm, (b) 275 µJ from the 1060 arm. Bursts 

contain ~25 pulses each. 

By reducing the burst duration to 40 ns it was possible to further increase the energy of the pulses, with 

an average energy of 30 µJ over 20 pulses and a maximum pulse energy of 50 µJ at 1030 nm.  

The pulses from the amplifier system were compressed by means of an external grating 

compressor (1500 lines/mm) with a throughput of 60-70%. In a first evolution phase of the amplifier 

system, with a stretch fiber of 215 m and output pulse energies of 10-20 µJ, it was possible to achieve 

compression down to ~400 fs, as inferred from autocorrelation measurements by assuming the 

deconvolution factor of Gaussian pulses (Fig. 25a). After the second evolution step, with a 450-m-long 

stretch fiber and 40-µJ pulses, the autocorrelation trace showed the presence of a significant pedestal 

due to residual TOD and self-phase modulation. Due to the highly structured temporal shape (see 

autocorrelation in Fig. 25b) a PICASO algorithm was used to estimate the pulse duration, with a final 

value of ~2 ps, which is the signature of a highly nonlinear chirped pulse amplification regime.  
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Fig. 25. (a) Autocorrelation trace for 20-µJ pulses after compression. Insets: (i) optical spectrum, (ii) pulse shape obtained 

from numerical simulations. (b) Measured (blue solid curve) and retrieved (red dashed curve) autocorrelation for 40-µJ 

pulses. Insets: (i) measured spectrum, (ii) retrieved pulse shape using a PICASO algorithm  

Despite not being able to contribute meaningfully into the developed CROSS TRAP apparatus, , the 

burst mode amplifier has exhibited outstanding and unique capabilities that will for sure find broad 

implementation in other fields, such as material processing, surgery and nonlinear spectroscopy. The 

illustration of the potential of this novel laser system is given in Fig. 26 demonstrating a stark 

difference in the amount of collateral damage to human dentine obtained with the BILU-MSG burst-

mode amplifier and an amplifier operating in the conventional mode. BILU and MSG are currently 

actively working on the commercialization of this laser system. 

 

Fig. 26. Human dentine samples processed using 25-pulse bursts at a 1-kHz burst repetition rate with 500-MHz intra-burst 

(left), 100-MHz intra-burst (middle) repetition rates and a uniform repetition rate of 25 kHz (right). Average power, 

processing time, pulse width, pulse energy (9 μJ), spot size are the same in each case. 
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4.1.3. Potential Impact 

Impact on stand-off sensing: 

Many applications in environmental science and homeland security call for standoff identification of 

airborne pollutants with the highest possible sensitivity and chemical specificity. Optical techniques 

such as Light Detection and Ranging (LIDAR) and differential LIDAR (DIAL) are based on the 

detection of the incoherent, nearly isotropic scattering of a forward-propagating probe beam off dust 

or aerosols. Raman scattering allows fingerprinting of molecules based on their characteristic 

vibrational spectral signatures with a high degree of chemical specificity. However spontaneous 

Raman LIDARs, relying on the observation of incoherent wide-angle scattering, are severely limited 

in their practicability due to the small cross section of Raman scattering. A significant step forward 

could be achieved with coherently-enhanced Raman scattering techniques, such as coherent Antistokes 

Raman scattering (CARS) and stimulated Raman scattering (SRS), which offer the possibility of 

recording signals carried in a laser-like beam. Generation of a backward phase-matched coherent 

Raman signal is simple in the presence of reflective or diffusive objects capable of bouncing the laser 

beam back. However, an observer who sends out a laser pulse to interrogate an optically transparent 

atmosphere has to find an alternative way of initiating a backward-propagating laser beam.  

The cornerstone of CROSS TRAP is the proposal and experimental demonstration of a new technique 

for remote sensing based on the generation of a backward-propagating atmospheric laser and its use 

for coherent Raman spectroscopy of gas-phase molecules present along the beam path back to the 

observer. This new approach promises to revolutionize remote sensing by offering an unprecedented 

combination of sensitivity, molecular specificity, and spatial resolution. The pioneering first 

demonstration of this concept was achieved in the third year of CROSS TRAP, where a filament-

ignited backward propagating UV pulse was shown to serve as a Raman probe pulse in a coherent 

process pumped by a forward-propagating laser pulse. This result proves the feasibility of our concept 

and provides a paradigm shift in remote sensing approaches. Although current sensitivity levels are 

still far away from those required for practical use and there remain several technical issues to be 

solved, this is the basis of a Future and Emerging Technology which will have to be developed with 

additional research efforts. 

Impact on Laser sources and technologies: 

Project CROSS TRAP has opened a truly new paradigm for high-energy mid-IR sources. They were 

already on the ascent at the beginning of the project because of the interest of strong field community 

in driver sources for attosecond beamlines. However, the requirements dictated to the laser developers 

by the attosecond community are very different—they call for a moderate output pulse energy, 

extremely short single-cycle duration and a high repetition rate, typically 10—100 kHz. CROSS TRAP 

has identified the necessity for mid-IR lasers with extremely high pulse energies—tens of millijoules. 

Only with such systems femtosecond filamentation, and with it a plethora of related sensing methods, 

have a chance to succeed. Although currently it appears as a potential niche market for the research 

groups interested in advancing filamentation, there is a high potential for disruptive technology if 

filament-based sensing systems begin to be deployed in real-life applications.  

Besides showing a clear commercial and scientific opening for high-energy femtosecond mid-IR laser 

systems, the project discovered great merits of various Ytterbium-doped laser. The solid-state Yb 
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system that was used for studying cation emission and the early version of the Bennett lasing scheme 

has attracted a lot of attention because of its robustness and a surprising utility in femtosecond 

filamentation. In fact, such an Yb system has already been sold commercially three times which 

prompted TU Wien to create a spin off and spend an extensive effort on system ruggedization. 

Even a wider interest for applications and a higher potential for rapid market penetration has the burst-

mode Yb fiber amplifier that is capable to attract a broad range of users active in materials processing 

and biomedicine. 

Impact on coherent Raman microscopy: 

The invention of the microscope in the XVIIth century coincides with the birth of modern science. 

Since then microscopy, in its different implementations, has enabled many important scientific 

discoveries and technical advances. In the arsenal of different microscopy techniques, coherent Raman 

scattering (CRS) stands out because of its unique characteristics, such as absence of labels, chemical 

specificity and high imaging speeds. Despite these advantages, still there are no commercial CRS 

microscopes available. This is due mainly to the complexity of the driving laser systems used for 

generating pump and Stokes beams, which discourages many potential users. In fact, Raman transitions 

exhibit in the condensed phase typical linewidths of the order of few tens of cm-1, which implies the 

need for narrowband, tunable pump and Stokes pulses, with picosecond duration, in order to efficiently 

excite the system while preserving molecular selectivity. In addition, high pulse repetition rates (tens 

of MHz) to maximize acquisition speed, and near-IR (700 to 1000 nm) excitation wavelengths, to 

increase tissue penetration and minimize photodamage, are required. The spectral compression 

techniques based on second harmonic generation under strong group velocity mismatch conditions, 

developed and optimized within CROSS TRAP, offer an avenue for a new generation of CRS 

microscopes with radically simplified, fiber-format laser systems. Spectral compression in fact allows 

broadband femtosecond pulses emitted by fiber lasers to be efficiently converted to tunable 

narrowband picosecond pulses. 

Simplified lasers systems for CRS microscopy based on the technical innovations of the CROSS TRAP 

project could have impacts on mainstream life sciences applications in the following fields:  

a) fundamental cell biology, where the aim is to understand the molecular mechanisms of cellular 

processes and how they lead to functional tissues; 

Spatially resolved lipid analysis in cells has already added CRS microscopy as an important non-

invasive, in situ and in vivo method to an existing repertoire of lipidomics approaches. The 

improvements in CRS technology brought about by the CROSS TRAP technology could enable to 

distinguish different types of lipids on the basis of the head group, the chain length and chain structure, 

the degree of saturation, etc. It could provide unique information on cell motility, intracellular protein 

transfer, lipid storage, membrane maintenance and energy storage, to name just a few. The molecular 

specificity has been proven to be valuable for a molecular interpretation and understanding of the 

development of diseases, such as cancer, metabolic and neurodegenerative diseases. Changes in lipid 

metabolism and composition have been proposed to be associated with changes from healthy cells into 

cancer cells. In neurodegenerative diseases, like Alzheimer’s and Parkinson's diseases, interactions of 

mis-folded proteins with lipid membranes have been implicated. CRS microscopy enables detailed 
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molecular characterization of amyloidal plaques and insights in the role of lipids in the formation of 

the aggregates.  

b) medical diagnosis and therapy, where new and chemically specific contrast mechanism are needed 

relying on naturally available molecules and materials.  

Cancer is a critical disease in terms of rates of incidence, cause of death and cost of healthcare. Many 

surgical as well as pharmaceutical techniques are under development that target cancer cells for 

elimination with minimal effect on the surrounding tissue. Validation of these techniques and of drugs 

requires unambiguous identification/recognition of cancerous tissue as well as simultaneous imaging 

of the drug and tissue to assess the interaction and effectiveness. Labelling of the drug and/or of the 

tissue is possible in some cases but tends to restrict the natural mobility of the drug and sometimes it 

is itself carcinogenic. Label-free imaging such as provided by CRS microscopes will allow for the 

detection and study of both cancerous tissue and drug. If tumor identification is successful, it will 

become interesting to further develop CRS microscopy for clinical applications, where molecule-

guided intra-operative and endoscopic procedures are desirable assets to the existing repertoire of 

medical doctors. 

Multimodal microscopy for diagnostics of medical diseases  

The same laser system used for Coherent Raman Imaging will be easily reconfigurable to perform 

other nonlinear microscopy techniques, such as Second Harmonic Generation (SHG) and 2-Photon 

Excitation Fluorescence (2PEF), resulting in a powerful multimodal nonlinear imaging platform that 

can be used to study the complex biochemical tissue alteration of diseases. In particular 2PEF can be 

applied to native, unstained tissues exploiting their endogenous autofluorescence and can be for 

example used to visualize macrophages which are responsible for tissue inflammation; SHG 

microscopy on the other hand is sensitive to the collagen distribution and helps to visualize the scars. 

Multimodal nonlinear microscopy therefore present not only a combination of several nonlinear 

techniques merged into one set-up but offer a novel diagnostic technology that will allow the 

individualized assessment of the extent and cellular composition of specific injuries to address the 

issue of personalized therapeutic options. 

The combination of laser and molecular imaging technologies with image analysis and with biomedical 

and clinical research will open the door to previously unchallenged territory in the treatment of 

complex diseases allowing for the first time to analyze individual pathology patterns and develop 

personalized treatment proposals. SMEs will contribute to the engineering of an imaging tool for 

biomedical purposes and the development of a commercial product with short time-to-market. 

Therefore such obvious development is expected to have significant societal impact for individual 

patients recovered to an ordinary life, and economical impact related to the diffusion of novel 

diagnostic tools reinforcing European competitiveness, in particular for SMEs. 

 

Exploitation: 

The exploitation of the project results has been mainly carried out by the commercial partners, and 

also by TU Wien which created a spin-off company. In the following is a list of the main exploitation 

activities: 
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Amplight: 

In late 2012, TU Wien founded a spin-off company, AmpLight (http://www.amplight.at) aimed at 

commercializing a series of products all related to the technical developments of the CROSS TRAP 

project.  The company offers customized femtosecond laser systems based on the combination of solid 

fiber technology together with a novel solid state regenerative amplifier design and high energy optical 

parametrical amplification output stages. In the following is an overview of the company product 

portfolio: 

 

Product portfolio of AmpLight taken from their website. 

 

A first customer of AmpLight was Moscow State University, which ordered an upgraded version of 

the full system developed within CROSS TRAP, consisting of master oscillator, Yb-based cryogenic 

regenerative amplifier, femtosecond OPA at 1 kHz and high energy OPCPA producing pulses at an 

unprecedented 40 mJ energy at 4 m wavelength with sub-100-fs duration and 20 Hz repetition rate.  

This laser will allow to continue and enhance the CROSS TRAP scientific activity. 

Pictures below show of modules of the laser system immediately before the shipment to the customer: 

 

 

 

 

 

 

 

 

 

http://www.amplight.at/
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Covesion:   

At the start of the CROSS TRAP project, Covesion’s MgO:PPLN manufacturing capabilities were 

limited to  1x1mm crystal aperture sizes. In Years 2 & 3 of the project, they developed new 

manufacturing techniques to increase the size, and thus power handling capabilities of the material. 

  

Wide aperture MgO:PPLN crystals developed at Covesion. Crystals in the right photograph were 

developed in mid-2011 and feature 1x3mm aperture gratings with periods of 30μm (OPO) and 19μm 

(1550nm SHG) respectively. Wider 1x7mm and 1x10mm gratings (both 30μm period) were 

demonstrated in late 2011. 

Experiments performed during CROSS-TRAP have allowed COVESION to successively increase the 

width of their grating apertures from 1x1mm to 1x10mm, 10 times larger than their previous 

capabilities in this material. The photographs above show recent samples of wide MgO:PPLN devices 

for high-power applications. Results from their new 1x3mm aperture crystals demonstrated a 10x 

increase in power handling over their original components with no signs of optical damage. This result 

provides an excellent basis for use of MgO:PPLN in higher-power markets such as remote gas 

detection and aeronautical defense. The project extension in 2013 allowed Covesion to continue 

development of these crystals by examining a new wafer layout and handling process that enables them 

to process material across the full wafer surface. This technique has advantages in both scaling (more 

devices available per wafer) and also enables COVESION to manufacture 50mm long crystals for the 

first time. 
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Photograph of a densely-patterned MgO:PPLN wafer processed with 3mm-wide OPO gratings. This format was developed 

in 2013 and has enabled COVESION to manufacture 50mm-long gratings for the first time. 

As result of this work, COVESION introduced a new product range of 1x3mm aperture MgO:PPLN 

crystals for high-power OPO and 1550nm SHG applications. 50mm-long devices will also be available 

from mid-2013. 

 

Dissemination: 

We performed a very intensive dissemination activity of the project results, the main actions of which 

are summarized as follows: 

 62  publications on high impact peer reviewed journals (see complete list in section A1) 

 85 oral and poster presentations at international conferences (see complete list in section A2)   

 organization of  a Symposium on Femtosecond Filamentation and Standoff Laser Sensing 

sponsored by CROSS TRAP and featuring renowned international experts, such as: Prof. 

SeeLeang Chin (Laval University, Canada), Prof. Andre Mysyrowicz (LOA, Paris), Prof. Jean-

Pierre Wolf (Uni. Geneva), Prof. Robert Levis (Temple U., USA), Prof. Arthur Dogariu 

(Princeton U., USA), Prof. Eberhard Riedle (LMU, Munich), Prof. Peter. Radi (PSI, 

Switzerland), Prof. Luc Berge (CEA, France). 

 In July 2012 we published a paid press release in a Public Service Review of European 

Science and Technology explaining the objectives and the preliminary results of the Cross 

Trap project. (Science and Technology vol. ST 15 

http://www.publicservice.co.uk/article.asp?publication=European%20Science%20and%20Te

chnology&id=572&content_name=Research&article=20324). 

 All the industrial partners (Light Conversion, Menlo Systems, Covesion) participated to the 

main trade shows in the field of lasers and photonics, presenting updated products incorporating 

developments arising from CROSS TRAP. In the following is a list of the main events attended 

by the industrial partners: 
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                1: LASER world of Photonics / CLEO Munich, 23-26th May 2011. 

                2: SPIE Photonics West, San Francisco (USA), 24th-26th Jan 2012. 

                3: SPIE Defense, Security and Sensing,  Baltimore (USA), 24th – 26th April 2012. 

                4: SPIE Photonics West, San Francisco (USA), 5th-7th Feb 2013. 

                 5: LASER world of Photonics / CLEO Munich, 13-16th May 2013. 

 3 technical symposia talks were given by the industrial partners of CROSS TRAP at the main 

trade shows in the field of lasers and photonics 

 Several PhD students have recruited and actively involved in the CROSS TRAP project, 

exposing them to the latest developments in the fields of high power lasers, nonlinear optics 

and remote sensing. 

 

. 
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4.2 Use and dissemination of foreground 

Section A (public) 

 

This section includes two templates  

 

 Template A1:  List of all scientific (peer reviewed) publications relating to the foreground of the project.  

 

    Template A2: List of all dissemination activities (publications, conferences, workshops, web sites/applications, press releases, flyers, 

articles published in the popular press, videos, media briefings, presentations, exhibitions, thesis, interviews, films, TV clips, posters). 

 

These tables are cumulative, which means that they should always show all publications and activities from the beginning until after the end of the 

project. Updates are possible at any time. 

 

A1: LIST OF SCIENTIFIC (PEER REVIEWED) PUBLICATIONS, STARTING WITH THE MOST IMPORTANT ONES 

NO. Title Main author 
Title of the 

periodical or 
the series 

Number, 
date or 

frequency 
Publisher 

Place of 
publication 

Year 
of 

public
ation 

Relevant 
pages 

Permanent identifiers2  
(if available) 

Is/Will open 
access3 

provided to 
this 

publication
? 

1.  Ultrafast-laser-induced 
backward stimulated 
Raman scattering for 
tracing atmospheric 
gases 

P.N. Malevich 
 

Optics  
Express 
 

No 
20,2012 

Optical 
Society of 
America 

Washington 2012 18784 – 
18794 

10.1364/OE.20.018784 yes 

2.  90 GW peak power few-
cycle mid-infrared pulses 

G. Andriukaitis Optics Letters Vol. 36, 
No. 15 

American 
Optical 
Society (OSA) 

Washington 
D.C. 

2011 2755-2757 10.1364/OL.36.002755 No 

                                                           
2 A permanent identifier should be a persistent link to the published version full text if open access or abstract if article is pay per view) or to the final manuscript accepted for publication (link to 

article in repository).  
3 Open Access is defined as free of charge access for anyone via Internet. Please answer "yes" if the open access to the publication is already established and also if the embargo period for open 

access is not yet over but you intend to establish open access afterwards. 
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from an optical parametric 
amplifier 

3.  Free-space nitrogen gas 
laser driven by a 
femtosecond filament 

D. Kartashov Phys. Rev. A No 86, 
2012 

American 
Physical 
Society 

New York 2012  033831-1 – 
033831-5 

10.1103/PhysRevA.86.
033831 

no 

4.  Mid-Infrared femtosecond 
filament and three 
octaves continuum 
generation in gases 

S. Alisauskas EPJ Web of 
Conferences 
Proceedings 

vol.41 EDP Sciences Les Ulis 
Cedex A, 
France 

2013 10003 1-3 10.1051/epjconf/201341
10003 

Yes 

5.  Population inversion of 
molecular nitrogen in an 
Ar: N2 mixture by 
selective resonance-
enhanced multiphoton 
ionization 

M.N. Shneider J. Appl. Phys. No 112, 
2012 

American 
Institute of 
Physics 

New York 2012  083112-1 – 
083112-7 

10.1063/1.3646478 no 

6.  Population inversion of 
molecular nitrogen in an 
Ar: N2 mixture by 
selective resonance-
enhanced multiphoton 
ionization 

Shneider M.N. J. Appl. Phys. No 110, 
2011 

American 
Institute of 
Physics 

New York 2011  083112-1 – 
083112-7 

10.1063/1.3646478 no 

7.  High-energy-throughput 
pulse compression by off-
axis group-delay 
compensation in a laser-
induced filament 

Voronin A.A. Phys. Rev. A  No 84, 
2011 

American 
Physical 
Society 

New York 2011 023832-1 – 
023832-7 

10.1103/PhysRevA.84.
023832 

no 

8.  Laser control of free-
carrier density in solids 
through field-enhanced 
multiphonon tunneling 
recombination 

Zheltikov A.M. J. Appl. Phys. No 109, 
2011 

American 
Institute of 
Physics 

New York 2011  033109-1 – 
033109-7 

10.1063/1.3531571 no 

9.  Hollow-fiber compression 
of 6 mJ pulses from a 
continuous-wave diode-
pumped single-stage 
Yb,Na:CaF2 chirped pulse 
amplifier 

Andriukaitis G. Opt. Lett. No 36, 
2011 

Optical 
Society of 
America 

Washington 2011  1914 – 
1916 

 

10.1364/OL.36.001914 no 

10.  Coherence brightened 
laser source for 
atmospheric remote 
sensing 

A.J. Traverso Proc. Natl. 
Acad. Sci. 

No 109, 
2012 

National 
Academy of 
Sciences 

Washington 2012  15185 – 
15190 

10.1073/pnas.1211481
109 

no 
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11.  Slow light on a printed 
circuit board 

Lanin A.A. Opt. Lett. No 36, 
2011 

Optical 
Society of 
America 

Washington 2011  1788-1790 10.1364/OL.36.001788 no 

12.  Photonic-crystal-fiber 
platform for multicolor 
multilabel neurophotonic 
studies 

Doronina-
Amitonova L.V. 

Appl. Phys. 
Lett. 

No 98, 
2011 

American 
Institute of 
Physics 

New York 2011  253706-1 – 
253706-3 

10.1063/1.3595419 no 

13.  Nonlinear-Optical Probe 
for Ultrafast Electron 
Dynamics: From 
Quantum Physics to 
Biosciences 

Zheltikov A. IEEE 
Photonics 
Journal 

No 3, 
2011 

Institute of 
Electrical and 
Electronics 
Engineers 

Minneapolis 2011  255 – 258 10.1109/JPHOT.2011.2
142180 

no 

14.  Integrating a silicon 
nanowaveguide ring 
resonator with a photonic-
crystal fiber for all-
optically tunable 
waveform synthesis 

Savvin A.D. Opt. 
Commun. 

No 284, 
2011 

Elsevier New York 2011  1652 – 
1655 

10.1016/j.optcom.2010.
09.049 

no 

15.  Tailoring the air plasma 
with a double laser pulse 

Shneider M.N. Phys. 
Plasmas 

No 18, 
2011 

American 
Institute of 
Physics 

New York 2011  063509-1 – 
063509-9 

10.1063/1.3601764 no 

16.  Modeling the action-
potential-sensitive 
nonlinear-optical 
response of myelinated 
nerve fibers and short-
term memory 

Shneider M.N. J. Appl. Phys. No 110, 
2011 

American 
Institute of 
Physics 

New York 2011  094702-1 – 
094702-6 

10.1063/1.3653965 no 

17.  Multicore photonic-
crystal-fiber platform for 
high-power all-fiber 
ultrashort-pulse sources 

Hu Ming-Lie Journal of 
Modern 
Optics 

No 58, 
2011 

Taylor & 
Francis 

New York 2011  1966-1970 10.1080/09500340.201
1.597521 

no 

18.  Coherent Raman 
Umklappscattering 

Yuan  L. Laser Phys. 
Lett. 

No 8, 
2011 

American 
Institute of 
Physics 

New York 2011  736–741 10.1002/lapl.201110065 no 

19.  Fiber-probe detection for 
positron-emission-
assisted Cherenkov-
radiation brain mapping 

Zheltikov A.M. Phys. Rev. E No 84, 
2011 

American 
Physical 
Society 

New York 2011  061902-1 – 
061902-5 

10.1103/PhysRevE.84.
061902 

no 

20.  Nonlinear-optical brain 
anatomy by harmonic-
generation and coherent 

Doronina-
Amitonova L.V. 

Appl. Phys. 
Lett. 

No 99, 
2011 

American 
Institute of 
Physics 

New York 2011  231109-1 – 
231109-3 

10.1063/1.3664345 no 
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Raman microscopy on a 
compact femtosecond 
laser platform 

 

21.  Isolated Attosecond 
Pulses from Laser-Driven 
Synchrotron Radiation 

J. M. Mikhailova Phys. Rev. 
Lett. 

No 109, 
2012 

American 
Physical 
Society 

New York 2012  245005-1 – 
245005-5 

10.1103/PhysRevLett.1
09.245005 

no 

22.  Filamentation-assisted 
self-compression of 
subpetawatt laser pulses 
to relativistic-intensity 
subcycle field waveforms 

P.A. Zhokhov Phys. Rev. A No 86, 
2012 

American 
Physical 
Society 

New York 2012  013835-1 – 
033831-5 

10.1103/PhysRevA.86.
013835 

no 

23.  Nonlinear-optical 
coherent combining of 
supercontinua from 
multiple filaments 

P.A. Zhokhov Phys. Rev. A No 86, 
2012 

American 
Physical 
Society 

New York 2012  013816-1 – 
013816-5 

10.1103/PhysRevA.86.
013816 

no 

24.  Plasma-assisted coherent 
backscattering for 
standoff spectroscopy 

L.Yuan Opt. Lett. No 37, 
2012 

Optical 
Society of 
America 

Washington 2012  987-989 10.1364/OL.37.000987 no 

25.  Multiwatt octave-spanning 
supercontinuum 
generation in multicore 
photonic-crystal fiber 

X.H. Fang Opt. Lett. No 37, 
2012 

Optical 
Society of 
America 

Washington 2012  2292-2294 10.1364/OL.37.002292 no 

26.  Third- and fifth-harmonic 
generation by mid-
infrared ultrashort pulses: 
beyond the fifth-order 
nonlinearity 

D. Kartashov Opt. Lett. No 37, 
2012 

Optical 
Society of 
America 

Washington 2012  2268-2270 10.1364/OL.37.002268 no 

27.  Ultrafast three-
dimensional 
submicrometer-resolution 
readout of coherent 
optical-phonon 
oscillations with shaped 
unamplified laser pulses 
at 20 MHz 

A.A. Lanin Opt. Lett. No 37, 
2012 

Optical 
Society of 
America 

Washington 2012  1508-1510 10.1364/OL.37.001508 no 

28.  Broadly wavelength- and 
pulse width-tunable high-
repetition rate light pulses 
from soliton self-
frequency shifting 
photonic crystal fiber 

A.A. Lanin Opt. Lett. No 37, 
2012 

Optical 
Society of 
America 

Washington 2012  3618-3620 10.1364/OL.37.003618 no 
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integrated with a 
frequency doubling crystal 

29.  White light generation 
over three octaves by 
femtosecond filament at 
3.9 µm in argon 

D. Kartashov Opt. Lett. No 37, 
2012 

Optical 
Society of 
America 

Washington 2012  3456-3458 10.1364/OL.37.003456 no 

30.  Raman detection of cell 
proliferation probes with 
antiresonance-guiding 
hollow fibers 

L.V. Doronina-
Amitonova 

Opt. Lett. No 37, 
2012 

Optical 
Society of 
America 

Washington 2012  4642-4644 10.1364/OL.37.004642 no 

31.  Air-guided photonic-
crystal-fiber pulse-
compression delivery of 
multimegawatt 
femtosecond laser output 
for nonlinear-optical 
imaging and neurosurgery 

A.A. Lanin Appl. Phys. 
Lett. 
 

No 100, 
2012 

American 
Institute of 
Physics 

New York 2012  101104-1 – 
101104-4 

10.1063/1.3681777   no 

32.  Guided-wave-coupled 
nitrogen vacancies in 
nanodiamond-doped 
photonic-crystal fibers 

I.V. Fedotov Appl. Phys. 
Lett. 
 

No 101, 
2012 

American 
Institute of 
Physics 

New York 2012  031106-1 – 
031106-4 

10.1063/1.4731762   no 

33.  Enhancing the locality of 
optical interrogation with 
photonic-crystal fibers 

L.V. Doronina-
Amitonova 

Appl. Phys. 

Lett. 

No 101, 
2012 

American 
Institute of 
Physics 

New York 2012  021114-1 – 
021114-4 

10.1063/1.4727901 no 

34.  Ultralow-power local laser 
control of the dimer 
density in alkali-metal 
vapors through 
photodesorption 

P.K. Jha Appl. Phys. 
Lett. 

No 101, 
2012 

American 
Institute of 
Physics 

New York 2012  091107-1 – 
091107-4 

10.1063/1.4747537   no 

35.  Fiber-optic Raman 
sensing of cell 
proliferation probes and 
molecular vibrations: 
Brain-imaging perspective 

L.V. Doronina-
Amitonova 

Appl. Phys. 
Lett. 

No 101, 
2012 

American 
Institute of 
Physics 

New York 2012  113701-1 – 
113701-4 

10.1063/1.4751468   no 

36.  Ultrafast nonlinear-optical 
metrology of specialty 
fibers: parallel multimode 
fiber dispersion tracing by 
cross-correlation 
frequency-resolved 
optical gating 

I.V. Fedotov Laser Phys. 
Lett. 

No 9, 
2012 

American 
Institute of 
Physics 

New York 2012  39 – 43 10.1002/lapl.201110090 no 
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37.  Remote steering of laser 
beams by radar- and 
laser-induced refractive-
index gradients in the 
atmosphere 

A.M. Zheltikov Laser Phys. 
Lett. 

No 9, 
2012 

American 
Institute of 
Physics 

New York 2012  68 – 72 10.1002/lapl.201110096 no 

38.  Photonic-crystal-fiber-
coupled 
photoluminescence 
interrogation of nitrogen 
vacancies in diamond 
nanoparticles 

I.V. Fedotov Laser Phys. 
Lett. 

No 9, 
2012 

American 
Institute of 
Physics 

New York 2012  151 – 154 10.1002/lapl.201110112 no 

39.  Signal contrast in 
coherent Raman 
scattering: Optical 
phonons versus 
biomolecules 

A. A. Voronin J. Appl. Phys. No 112, 
2012 

American 
Institute of 
Physics 

New York 2012  053101-1 – 
053101-6 

10.1063/1.4748155 no 

40.  Phase-stable sub-cycle 
mid-infrared conical 
emission from 
filamentation in gases 

Y. Nomura Optics  
Express 
 

No 
20,2012 

Optical 
Society of 
America 

Washington 2012  24741-
24747 

10.1364/OE.20.024741 yes 

41.  Multicolor in vivo brain 
imaging with a 
microscope-coupled fiber-
bundle microprobe 

L.V. Doronina-
Amitonova 

Appl. Phys. 
Lett. 

No 101, 
2012 

American 
Institute of 
Physics 

New York 2012  233702-1 – 
233702-3 

10.1063/1.4767386 no 

42.  Optical and THz 
signatures of sub-cycle 
tunneling dynamics 

T. Balciunas Chemical 

Physics 

No 414, 
2013 

Elsevier New York 2013  92–99 10.1016/j.chemphys.20
12.02.007 

no 

43.  Raman-induced Kerr 
effect microscopy with 
balanced detection 

Egle Molotokaite 
 

Journal of 

Raman 

Spectroscopy 

Published 
online: 
18 Mar 
2013 
 

Wiley Hoboken, 
New Jersey 
(USA) 

2013 Article in 
press 

10.1002/jrs.4250 no 

44.  Balanced-detection 
Raman-induced Kerr-
effect spectroscopy 

Vikas Kumar Phys. Rev. A vol.86 American 
Physical 
Society 

Ridge, NY 
(USA) 

2012 053810 10.1103/PhysRevA.86.
053810. 
 

no 

45.  Coherent Raman 
spectroscopy with a fiber-
format femtosecond 
oscillator 

Vikas Kumar Journal of 
Raman 
Spectroscopy 

vol.43 Wiley Hoboken, 
New Jersey 
(USA) 

2012 662-667 10.1002/jrs.3160 no 
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46.  Femtosecond stimulated 
Raman spectrometer in 
the 320-520nm range 

Emanuele 
Pontecorvo 

Optics 
Express 

vol.19 Optical 
Society of 
America 

Washington 
DC 

2011 1107-1112 10.1364/OE.19.001107 yes 

47.  Background-free 
broadband CARS 
spectroscopy from a 1-
MHz ytterbium laser 

Vikas Kumar Optics 
Express 

vol.19 Optical 
Society of 
America 

Washington 
DC 

2011 15143-
15148 

10.1364/OE.19.015143 yes 

48.  High-precision molecular 
interrogation by direct 
referencing of a quantum-
cascade-laser to a near-
infrared frequency comb 

Davide Gatti Optics 
Express 

vol.19 Optical 
Society of 
America 

Washington 
DC 

2011 17520-
17527 

10.1364/OE.19.017520 yes 

49.  Intense, directional UV 
emission from molecular 
nitrogen ions in an 
adaptively controlled 
femtosecond filament 

G. Andriukaitis EPJ Web of 
Conferences 
Proceedings 

vol.41 EDP Sciences Les Ulis 
Cedex A, 
France 

2013 10004 1-3 10.1051/epjconf/201341
10004 

Yes 

50.  Ultrafast-laser-induced 
backward stimulated 
Raman scattering for 
tracing atmospheric 
gases 

P. Malevich EPJ Web of 
Conferences 
Proceedings 

vol.41 EDP Sciences Les Ulis 
Cedex A, 
France 

2013 12009 1-3 10.1051/epjconf/201341
12009 

Yes 

51.  High-power, variable 
repetition rate, 
picosecond optical 
parametric oscillator 
pumped by an amplified 
gain-switched diode 

F. Kienle Optics 
Express 

 vol.18, 
No8 

Optical 
Society of 
America 
(OSA) 

Washington 
D.C. 

2010   7602-7610 10.1364/OE.18.007602 yes 

52.  Compact, high-pulse-
energy, picosecond 
optical parametric 
oscillator 

F. Kienle Optics Letters  Vol.35 
No.21 

Optical 
Society of 
America 
(OSA) 

Washington 
D.C. 

2010  3580-3582 10.1364/OL.35.003580 yes 

53.  Green-pumped, 
picosecond MgO:PPLN 
optical parametric 
oscillator 

F. Kienle Journal of the 
Optical 
Society of 
America B 

 Vol.29 
No.1 

Optical 
Society of 
America 
(OSA) 

Washington 
D.C 

2012  144-152 10.1364/JOSAB.29.000
144 

no 

54.  1-mJ Pulse Bursts from a 
Yb-doped Fiber Amplifier 

 H. Kalaycıoğlu Optics 
Letters 

 Vol. 37 Optical 
Society of 
America 
(OSA) 

Washington 
D.C. 

2012 2586-2588 10.1364/OL.37.002586 No 
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55.  Fiber amplification of 
pulse bursts up to 20 μJ 
pulse energy at 1 kHz 
repetition rate 

H. Kalaycıoğlu Optics 
Letters 

Vol. 36  OSA Washington 
D.C. 

2011 
 

3383-3385 10.1364/OL.36.003383 No 

56.  Sub-50 fs Yb-doped laser 
with anomalous-
dispersion photonic 
crystal fiber 
 

Z. Zhang Optics 
Letters 

 Vol. 38 OSA Washington 
D.C. 

2013 956-958 10.1364/OL.38.000956 No 

57.  All-fiber-integrated soliton 
–similariton laser 
with in-line fiber filter 
 

Z. Zhang Optics 
Letters 

 Vol. 37 OSA Washington 
D.C. 

2012 3489-3491 10.1364/OL.37.003489 No 

58.  Semianalytic theory of 
self-similar optical 
propagation and mode-
locking using a shape-
adaptive model pulse 

C. Jirauschek Pysical 
Review A 

Vol. 83 American 
Physical 
Society 

 2011 063809-1 – 
063809-8 

10.1103/PhysRevA.83.
063809 

No 

59.  Multiplexing Single-Beam 
CARS with Heterodyne 
Detection 

Wipfler, A. Appl. Phys. 
Lett.  

 Vol 100, 
no. 7 

American 
Institute of 
Physics (AIP) 

USA 2012 071102/1-4 10.1063/1.3680209 no 

60.  Full characterization of 
the third-order nonlinear 
susceptibility using a 
single-beam CARS setup 

Wipfler, A. Opt. Lett.  Vol 37 Optical 
Society of 
America 
(OSA) 

USA 2012 4239-4241 10.1364/OL.37.004239 no 

61.  Elimination of two-photon 
excited fluorescence 
using a single-beam 
coherent noanti-Stokes 
Raman scattering setup 

Wiipfler, A. J. Raman 
Spectrosc. 

Published 
online: 
25 Apr. 
2013 

 

John Wiley England 2013 Article in 
press 

10.1002/jrs.4243 no 

62.  Mapping Impurity of 
Single-Walled Carbon 
Nanotubes in Bulk 
Samples with Multiplex 
Coherent Anti-Stokes 
Raman Microscopy 

Duarte, A. Nanoletters Vol. 13, 
no. 2 

American 
Chemical 
Society (ACS) 

USA 2013 697-702 10.1021/nl304371x no 
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A2: LIST OF DISSEMINATION ACTIVITIES 

N
O. 

Type of 
activities4 

Main leader Title  Date/Period  Place  Type of 
audience5 

Size of 
audience 

Countries 
addressed 

1.  Conference S. Alisauskas General Assembly and Scientific 
Symposium of the International Union 
of Radio Science 

 13.08.2011 - 
20.08.2011 

Istanbul, Turkey Scientific 
Community 

  

2.  Conference S. Alisauskas 4th International Symposium on 
Filamentation 

07.10.2012 - 
12.10.2012 

Tucson, 
Arizona, USA 

Scientific 
Community 

  

3.  Conference A. Pugzlys XVIIIth International Conference on 
Ultrafast Phenomena 

09.07.2012 - 
13.07.2012 

Lausanne, 
Switzerland 

Scientific 
Community 

  

4.   Conference G. Andriukaitis OSA Optics & Photonics Congress 29.01.2012 - 
03.02.2012 

San Diego, 
California, USA 

Scientific 
Community 

  

5.  Conference T. Balciunas OSA Optics & Photonics Congress 13.02.2011 - 
18.02.2011 

Istanbul, Turkey Scientific 
Community 

  

6.  Conference A. Pugzlys CLEO 2011 01.05.2011 - 
06.05.2011 

Baltimore, USA Scientific 
Community 

  

7.  Conference G. Andriukaitis OSA Optics & Photonics Congress 29.01.2012 - 
03.02.2012 

San Diego, 
California, USA 

Scientific 
Community 

  

8.  Conference G. Andriukaitis CLEO 2012 06.05.2012 - 
11.05.2012 

San Jose, 
California, USA 

Scientific 
Community 

  

9.  Conference D. Kartashov CLEO Europe 2011 22.05.2011 - 
26.05.2011 

Munich, 
Germany 

Scientific 
Community 

  

10.  Conference D. Kartashov OSA Optics & Photonics Congress 13.02.2011 - 
18.02.2011 

Istanbul, Turkey Scientific 
Community 

  

11.  Conference D. Kartashov CLEO 2010 16.05.2010 - 
21.05.2010 

San Jose, 
California, USA 

Scientific 
Community 

  

                                                           
4  A drop down list allows choosing the dissemination activity: publications, conferences, workshops, web, press releases, flyers, articles published in the popular press, videos, media 

briefings, presentations, exhibitions, thesis, interviews, films, TV clips, posters, Other. 

5 A drop down list allows choosing the type of public: Scientific Community (higher education, Research), Industry, Civil Society, Policy makers, Medias, Other ('multiple choices' is possible). 
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12.  Conference G. Andriukaitis 4th EPS-Qeod EUROPHOTON 
Conference 

29.08.2010 - 
03.09.2010 

Hamburg, 
Germany 

Scientific 
Community 

  

13.  Conference D. Kartashov XVIIIth International Conference on 
Ultrafast Phenomena 

09.07.2012 - 
13.07.2012 

Lausanne, 
Switzerland 

Scientific 
Community 

  

14.  Conference G. Andriukaitis Advanced Solid-State Photonics 31.01.2010 - 
03.02.2010 

San Diego,USA Scientific 
Community 

  

15.  Conference T. Balciunas OSA Optics & Photonics Congress 29.01.2012 - 
03.02.2012 

San Diego, 
California, USA 

Scientific 
Community 

  

16.  Workshop A. Baltuska 20th International Laser Physics 
Workshop 

11.07.2011 - 
15.07.2011 

Sarajevo, 
Bosnia and 
Herzegovina 

Scientific 
Community 

  

17.  Conference A, Baltuska International Conference on Coherent 
and Nonlinear Optics 

23.08.2010 - 
26.08.2010 

Kazan, Russia Scientific 
Community 

  

18.  Symposium A. Baltuska Advanced Light Sources Symposium 28.10.2010 - 
29.10.2010 

Vienna, Austria Scientific 
Community 

  

19.  Conference A. Baltuska Ultrafast Optics 04.03.2013 - 
08.03.2013 

Davos, 
Switzerland 

Scientific 
Community 

  

20.  Conference A. Baltuska CLEO 2011 01.05.2011 - 
06.05.2011 

Baltimore, USA Scientific 
Community 

  

21.  Symposium A. Baltuska International Symposium on Chirped 
Pulse Amplification 

16.11.2010 - 
21.11.2010 

Quebec City, 
Canada 

Scientific 
Community 

  

22.  Winter school A. Baltuska Sokendai Asian Winter School  
"Frontiers in Photo-Molecular Science" 

14.01.2013 - 
17.01.2013 

Okazaki, Japan Scientific 
Community 

  

23.  Conference D. Kartashov Ultrafast Optics 26.09.2011 - 
30.09.2011 

Monterey, 
California, USA 

Scientific 
Community 

  

24.  Conference D. Kartashov XVIIIth International Conference on 
Ultrafast Phenomena 

09.07.2012 - 
13.07.2012 

Lausanne, 
Switzerland 

Scientific 
Community 

  

25.  Conference D. Kartashov 4th International Symposium on 
Filamentation 

07.10.2012 - 
12.10.2012 

Tucson, 
Arizona, USA 

Scientific 
Community 

  

26.  Conference D. Kartashov CLEO 2012 06.05.2012 - 
11.05.2012 

San Jose, 
California 

Scientific 
Community 

  

27.  Conference P. Malevich XVIIIth International Conference on 
Ultrafast Phenomena 

09.07.2012 - 
13.07.2012 

Lausanne, 
Switzerland 

Scientific 
Community 

  

28.  Conference A. Pugzlys OSA's 96th Annual Meeting Frontiers 
in Optic 

14.10.2012 - 
18.10.2012 

Rochester, New 
York, USA 

Scientific 
Community 

  

29.  Conference A. Pugzlys 5th EPS-QEOD Europhoton 
Conference 

26.08.2012 - 
31.08.2012 

Stockholm, 
Sweden 

Scientific 
Community 

  

30.  Conference A. Pugzlys 39th Lithuanian National Physics 
Conference 

06.10.2011 - 
08.10.2011 

Vilnius, 
Lithuania 

Scientific 
Community 
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31.  Conference A. Pugzlys 19th International Conference on 
Advanced Laser Technologies 

03.09.2011 - 
08.09.2011 

Varna, Bulgaria Scientific 
Community 

  

32.  Conference A. Pugzlys 3rd International Symposium on 
Filamentation 

31.05.2010 - 
06.06.2010 

Crete, Greece Scientific 
Community 

  

33.  Conference A.M. Zheltikov CLEO Europe 2011 22.05.2011 - 
26.05.2011 

Munich, 
Germany 

Scientific 
Community 

  

34.  Conference D. Kartashov High Intensity Lasers and High Field 
Phenomena 

19.03.2012 - 
21.03.2012 

Berlin, Germany Scientific 
Community 

  

35.  Conference C.  Kerse CLEO/Europe and EQEC 2013 
Conference  

12.05.2013 – 
16.05.2013 

Munich, 
Germany 

Scientific 
Community 

  

36.  Conference H. Kalaycıoğlu CLEO: Science and Innovations  06.05.2012 - 
11.05.2012 

San Jose, 
California, USA 

Scientific 
Community 

  

37.  Conference H. Kalaycıoğlu Advanced Solid-State Photonics 
(ASSP)  

29.01.2012 – 
01.02.2012 

San Diego, 
California, USA 

Scientific 
Community 

  

38.  Conference H. Kalaycıoğlu Advanced Solid-State Photonics 
(ASSP) 

13.02.2011 – 
16.02.2011 

Istanbul, Turkey Scientific 
Community 

  

39.  Conference I. Pavlov CLEO/Europe and EQEC 2013  12.05.2013 – 
16.05.2013 

Munich, 
Germany 

Scientific 
Community 

  

40.  Conference F. Kienle Advanced Solid State Photonics 13.02.2011 – 
16.02.2011 

Istanbul, Turkey Scientific 
Community 

  

41.  Technical 
Symposium 
talk 

Covesion Ltd Laser World of Photonics 23.05.2011 – 
26.05.2011 

Munich, 
Germany 

Scientific 
Community 

  

42.  Technical 
Symposium 
talk 

Covesion Ltd SPIE Photonics West 24.01.2012 – 
26.01.2012 

San Francisco, 
California, USA 

Scientific 
Community 

  

43.  Technical 
Symposium 
talk 

Covesion Ltd SPIE Defense, Security and Sensing 24.04.2012 – 
26.04.2012 

Baltimore, 
Maryland, USA 

Scientific 
Community 

  

44.  Trade Show 
Event 

Covesion Ltd Laser World of Photonics 23.05.2011 – 
26.05.2011 

Munich, 
Germany 

Scientific 
Community 

  

45.  Trade Show 
Event 

Covesion Ltd SPIE Photonics West 24.01.2012 – 
26.01.2012 

San Francisco, 
California, USA 

Scientific 
Community 

  

46.  Trade Show 
Event 

Covesion Ltd SPIE Defense, Security and Sensing 24.04.2012 – 
26.04.2012 

Baltimore, 
Maryland, USA 

Scientific 
Community 

  

47.  Trade Show 
Event 

Covesion Ltd SPIE Photonics West 05.02.2013 – 
07.02.2013 

San Francisco, 
California, USA 

Scientific 
Community 

  

48.  Trade Show 
Event 

Covesion Ltd Laser World of Photonics / CLEO 
europe 

12.05.2013 – 
16.05.2013 

Munich, 
Germany 

Scientific 
Community 
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49.  Conference A.A.Voronin High Intensity Lasers and High Field 
Phenomena (HILAS) 

19.03.2012 – 
21.03.2012 

 Berlin, 
Germany 

Scientific 
Community 

  

50.  Conference D. Kartashov High Intensity Lasers and High Field 
Phenomena (HILAS) 

19.03.2012 – 
21.03.2012 

 Berlin, 
Germany 

Scientific 
Community 

  

51.  Conference T. Fuji High Intensity Lasers and High Field 
Phenomena (HILAS) 

19.03.2012 – 
21.03.2012 

 Berlin, 
Germany 

Scientific 
Community 

  

52.  Conference Sidorov-Biryukov D.A. International Conference on Advanced 
Laser Technologies 

3.09.2011 – 
8.09.2011 

Golden Sands, 
Bulgaria 

Scientific 
Community 

  

53.  Conference Voronin A.A CLEO/EUROPE - EQEC  22.05.2011 – 
26.05.2011 

Munich, 
Germany 

Scientific 
Community 

  

54.  Conference Doronina-Amitonova 
L.V. 

20th International Laser Physics 
Workshop (LPHYS)s 

11.07.2011 – 
15.07.2011 

Sarajevo, 
Bosnia and 
Herzegovina 

Scientific 
Community 

  

55.  Conference Fedotov A.B. 5th Finnish-Russian Photonics and 
Laser Symposium PALS’ 

18.10.2011 – 
20.10.2011 

Saint-
Petersburg, 
Russia 

Scientific 
Community 

  

56.  Conference Fuji T. VIII International Conference on 
Ultrafast Optics 

26.09.2011 – 
30.09.2011 

Monterey, 
California, USA 

Scientific 
Community 

  

57.  Conference Kartashov D.N. VIII International Conference on 
Ultrafast Optics 

26.09.2011 – 
30.09.2011 

Monterey, 
California, USA 

Scientific 
Community 

  

58.  Symposium M. Motzkus Symposium on Femtosecond 
Filamentation and Standoff Laser 
Sensing 

28.03.2012 Vienna, Austria Scientific 
Community 

  

59.  Workshop M. Motzkus Workshop on Applications of Coherent 
Raman Scattering Microscopy 

23.04.2012 – 
24.04.2012 

Exeter, UK Scientific 
Community 

  

60.  Seminar M. Motzkus Seminar in University of Oxford, 
Clarendon Laboratory 

21.05.2012 Oxford, UK Scientific 
Community 

  

61.  Colloquium M. Motzkus MPI für Kernphysik 27.06.2012 Heidelberg, 
Germany 

Scientific 
Community 

  

62.  Conference M. Motzkus European Conference on Nonlinear 
Optical Spectroscopy 

8.07.2012 – 
11.07.2012 

Aberdeen, UK Scientific 
Community 

  

63.  Colloquium M. Motzkus Friedrich-Schiller-Universität 18.07.2012 Jena, Germany Scientific 
Community 

  

64.  Conference M. Motzkus 23rd Int. Conf. on Raman 
Spectroscopy 

12.08.2012 – 
17.08.2012 

Bangalore, India Scientific 
Community 

  

65.  Seminar M. Motzkus Batsheva de Rothschild Seminar on 
Laser Control of Chemical Reactions 

2.09.2012 – 
7.09.2012 

Safed, Israel Scientific 
Community 

  

66.  Symposium M. Motzkus Manfred-Eigen-
Nachwuchswissenschaftlergespräche 

12.11.2012 - 
14.11.2012 

Jena, Germany Scientific 
Community 
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67.  Colloquium M. Motzkus Physikalisches Kolloquium, Ruprecht-
Karls-Universität 

14.12.2012 Heidelberg, 
Germany 

Scientific 
Community 

  

68.  Colloquium M. Motzkus Kolloquium, Universität Basel 24.04.2013 Basel, 
Switzerland 

Scientific 
Community 

  

69.  Colloquium M. Motzkus Physikalisches Kolloquium, Universität 
Freiburg 

10.06.2013 Freiburg, 
Germany 

Scientific 
Community 

  

70.  Conference M. Motzkus International Conference on Coherent 
and Nonlinear Optics 

18.06.2013 - 
22.06.2013 

Moscow, Russia Scientific 
Community 

  

71.  Conference A. Wipfler DPG-Frühjahrstagung 12.03.2012 – 
16.03.2012 

Stuttgart, 
Germany 

Scientific 
Community 

  

72.  Conference J. Rehbinder DPG-Frühjahrstagung 12.03.2012 – 
16.03.2012 

Stuttgart, 
Germany 

Scientific 
Community 

  

73.  Conference A. Wipfler Conference on coherent Raman 
Scattering Microscopy 

14.10.2012 – 
16.10.2012 

Naurod, 
Germany 

Scientific 
Community 

  

74.  Conference A. Wipfler DPG-Frühjahrstagung 12.03.2012 – 
16.03.2012 

Stuttgart, 
Germany 

Scientific 
Community 

  

75.  Conference Marco Marangoni CLEO Europe 2011 22.05.2011 – 
26.05.2011 

Munich, 
Germany 

Scientific 
community 

  

76.  Conference Vikas Kumar ECONOS 2012 08.07.2012 – 
11.07.2012 

Aberdeen, 
Scotland 

Scientific 
community 

  

77.  Conference Giulio Cerullo CLEO/QELS 2012 06.05.2012 - 
11.05.2012 

San Jose, 
California ,USA 

Scientific 
community 

  

78.   Conference Dario Polli ICORS 2012 12.08.2012 – 
17.08.2012 

Bangalore, India Scientific 
community 

  

79.  Conference Vikas Kumar ICORS 2012 12.08.2012 – 
17.08.2012 

Bangalore, India Scientific 
community 

  

80.  Conference Giulio Cerullo MicroCARS2012 14.10.2012 – 
16.10.2012 

Naurod, 
Germany 

Scientific 
community 

  

81.  Conference Marco Marangoni CLEO/QELS  2010 16.05.2010 – 
21.10.2010 

San Jose, 
California, USA 

Scientific 
community 

  

82.  Conference Dario Polli Ultrafast Phenomena 2010  18.07.2010 – 
23.07.2010 

Snowmass 
Village, 
Colorado, USA 

Scientific 
community 

  

83.  Conference Giulio Cerullo  ICORS 2010 08.08.2010 – 
13.08.2010 

Boston, USA Scientific 
community 

  

84.  Conference Giulio Cerullo MicroCARS 2010 18.10.2010 – 
20.10.2010 

Bad Honnef, 
Germany 

Scientific 
community 

  

85.  Conference Dario Polli CLEO Europe 2013 12.05.2013 – 
16.05.2013 

Munich, 
Germany 

Scientific 
community 
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Section B (Confidential6 or public: confidential information to be marked clearly) 

Part B1  

 

The applications for patents, trademarks, registered designs, etc. shall be listed according to the template B1 provided hereafter.  

 

The list should, specify at least one unique identifier e.g. European Patent application reference. For patent applications, only if applicable, 

contributions to standards should be specified. This table is cumulative, which means that it should always show all applications from the beginning 

until after the end of the project.  

 

 
 

TEMPLATE B1: LIST OF APPLICATIONS FOR PATENTS, TRADEMARKS, REGISTERED DESIGNS, ETC. 

Type of IP 
Rights7:   

Confidential  
Click on 
YES/NO 

Foreseen 
embargo 

date 
dd/mm/yyyy Application reference(s) 

(e.g. EP123456) 
Subject or title of application 

Applicant (s) (as on the application) 
 

Patent Yes 2032.09.17 PCT/IB2013/051980  Regenerative optical 
amplifier for short 
pulsed lasers, alaser 
source and a laser 
workstation 

 UAB MGF SVIESOS KONVERSIJA 

        

        

         

 
  

                                                           
6 Note to be confused with the "EU CONFIDENTIAL" classification for some security research projects. 

 
7 A drop down list allows choosing the type of IP rights: Patents, Trademarks, Registered designs, Utility models, Others. 
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Part B2  

Please complete the table hereafter: 

 

Type of 
Exploitable 
Foreground8 

Description 
of 

exploitable 
foreground 

Confidential 
Click on 
YES/NO 

Foreseen 
embargo 

date 
dd/mm/yyyy 

Exploitable 
product(s) or 
measure(s) 

Sector(s) of 
application9 

Timetable, 
commercial or 
any other use 

Patents or 
other IPR 
exploitation 
(licences) 

Owner & Other 
Beneficiary(s) 
involved 

 
General 
advancement in 
knowledge 

Yb:KGW 
oscillator 
with shifted 
central 
wavelength 

YES 01/01/20
18 

Optical 
syncronization 
of different type 
of lasers 

 
M72.1 - 
Research and 
experimental 
development 
on natural 
sciences and 
engineering 

 
2013 
 

 
A patent is 
planned for 
2014 
 
 

UAB MGF SVIESOS 
KONVERSIJA 
 

General 
advancement in 
knowledge 

Optimizatio
n of fs 
pulse 
stretcher 

YES 01/01/20
18 

Femtosecond 
lasers  

M72.1 - 
Research and 
experimental 
development 
on natural 
sciences and 
engineering 

2014 
 

A patent is 
planned for 
2014 
 

UAB MGF SVIESOS 
KONVERSIJA 

In addition to the table, please provide a text to explain the exploitable foreground, in particular: 

 

 Its purpose 

 How the foreground might be exploited, when and by whom 

 IPR exploitable measures taken or intended 

 Further research necessary, if any 

 Potential/expected  impact (quantify where possible) 

 

 

 

                                                           
19 A drop down list allows choosing the type of foreground: General advancement of knowledge, Commercial exploitation of R&D results, Exploitation of R&D results via standards, 

exploitation of results through EU policies, exploitation of results through (social) innovation. 
9 A drop down list allows choosing the type sector (NACE nomenclature) :  http://ec.europa.eu/competition/mergers/cases/index/nace_all.html 

http://ec.europa.eu/competition/mergers/cases/index/nace_all.html
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4.3 Report on societal implications 

 

Replies to the following questions will assist the Commission to obtain statistics and indicators 

on societal and socio-economic issues addressed by projects. The questions are arranged in a 

number of key themes. As well as producing certain statistics, the replies will also help identify 

those projects that have shown a real engagement with wider societal issues, and thereby 

identify interesting approaches to these issues and best practices. The replies for individual 

projects will not be made public. 

 
 

A General Information (completed automatically when Grant Agreement number is 

entered. 

Grant Agreement Number: 
 

244068 

Title of Project: 
 

Coherently-enhanced Raman One-beam Standoff 

Spectroscopic TRacing of Airborne Pollutants 

Spectroscopic TRacing of Airborne Pollutants Name and Title of Coordinator: 
 

Prof. Andrius Baltuska 

B Ethics  

 
1. Did your project undergo an Ethics Review (and/or Screening)? 

 

 If Yes: have you described the progress of compliance with the relevant Ethics 

Review/Screening Requirements in the frame of the periodic/final project reports? 

 

Special Reminder: the progress of compliance with the Ethics Review/Screening Requirements should be 

described in the Period/Final Project Reports under the Section 3.2.2 'Work Progress and Achievements' 

 

 

 
0Yes 0No 

2.      Please indicate whether your project involved any of the following issues (tick 

box) : 

YES 

RESEARCH ON HUMANS 

 Did the project involve children?  No 

 Did the project involve patients? No 

 Did the project involve persons not able to give consent? No 

 Did the project involve adult healthy volunteers? No 

 Did the project involve Human genetic material? No 

 Did the project involve Human biological samples? No 

 Did the project involve Human data collection? No 

RESEARCH ON HUMAN EMBRYO/FOETUS 

 Did the project involve Human Embryos? No 

 Did the project involve Human Foetal Tissue / Cells? No 

 Did the project involve Human Embryonic Stem Cells (hESCs)? No 

 Did the project on human Embryonic Stem Cells involve cells in culture? No 

 Did the project on human Embryonic Stem Cells involve the derivation of cells from Embryos? No 

PRIVACY 

 Did the project involve processing of genetic information or personal data (eg. health, sexual 

lifestyle, ethnicity, political opinion, religious or philosophical conviction)? 

No 

 Did the project involve tracking the location or observation of people? No 

RESEARCH ON ANIMALS 

 Did the project involve research on animals? No 

 Were those animals transgenic small laboratory animals? No 
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 Were those animals transgenic farm animals? No 

 Were those animals cloned farm animals? No 

 Were those animals non-human primates?  No 

RESEARCH INVOLVING DEVELOPING COUNTRIES 

 Did the project involve the use of local resources (genetic, animal, plant etc)? No 

 Was the project of benefit to local community (capacity building, access to healthcare, education 

etc)? 

No 

DUAL USE   

 Research having direct military use No 

 Research having the potential for terrorist abuse No 

C Workforce Statistics  

3.       Workforce statistics for the project: Please indicate in the table below the number of 

people who worked on the project (on a headcount basis). 

Type of Position Number of Women Number of Men 

Scientific Coordinator   0  1 

Work package leaders  0  4 

Experienced researchers (i.e. PhD holders)  2  33 

PhD Students  3  8 

Other  13  10 

4. How many additional researchers (in companies and universities) were 

recruited specifically for this project? 

5 

Of which, indicate the number of men:  

 

5 
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D   Gender Aspects  

5.        Did you carry out specific Gender Equality Actions under the project? 

 

 
 

Yes 

No  

6. Which of the following actions did you carry out and how effective were they?  

   Not at all 

 effective 

   Very 

effective 

 

   Design and implement an equal opportunity policy      
   Set targets to achieve a gender balance in the workforce      
   Organise conferences and workshops on gender      
   Actions to improve work-life balance      
   Other:  

7. Was there a gender dimension associated with the research content – i.e. wherever people were 

the focus of the research as, for example, consumers, users, patients or in trials, was the issue of gender 

considered and addressed? 

   Yes- please specify  

 

   No  

E Synergies with Science Education  

8.        Did your project involve working with students and/or school pupils (e.g. open days, 

participation in science festivals and events, prizes/competitions or joint projects)? 

   Yes- please specify  

 

   No 

9. Did the project generate any science education material (e.g. kits, websites, explanatory 

booklets, DVDs)?  

   Yes- please specify  

 

   No 

F Interdisciplinarity  

10.     Which disciplines (see list below) are involved in your project?  

   Main discipline10: 1.2 

   Associated discipline10:2.2    Associated discipline10:1.3 

 

G Engaging with Civil society and policy makers 

11a        Did your project engage with societal actors beyond the research 

community?  (if 'No', go to Question 14) 

 
 

Yes 

No  

11b If yes, did you engage with citizens (citizens' panels / juries) or organised civil society 

(NGOs, patients' groups etc.)?  

   No 

   Yes- in determining what research should be performed  

   Yes - in implementing the research  

   Yes, in communicating /disseminating / using the results of the project 

                                                           
10 Insert number from list below (Frascati Manual). 
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11c In doing so, did your project involve actors whose role is mainly to 

organise the dialogue with citizens and organised civil society (e.g. 

professional mediator; communication company, science museums)? 

 
 

Yes 

No  

12.    Did you engage with government / public bodies or policy makers (including international 

organisations) 

   No 

   Yes- in framing the research agenda 

   Yes - in implementing the research agenda 

   Yes, in communicating /disseminating / using the results of the project 

13a Will the project generate outputs (expertise or scientific advice) which could be used by 

policy makers? 

   Yes – as a primary objective (please indicate areas below- multiple answers possible) 

   Yes – as a secondary objective (please indicate areas below - multiple answer possible) 

   No 

13b  If Yes, in which fields? 

Agriculture  
Audiovisual and Media  

Budget  

Competition  
Consumers  

Culture  

Customs  
Development Economic and 

Monetary Affairs  

Education, Training, Youth  
Employment and Social Affairs 

 

 

 

 

 

 

 

 

 

 

 

Energy  
Enlargement  

Enterprise  

Environment  
External Relations 

External Trade 

Fisheries and Maritime Affairs  
Food Safety  

Foreign and Security Policy  

Fraud 
Humanitarian aid 

 

 

 

 

 

 

 

 

 

 

 

Human rights  
Information Society 

Institutional affairs  

Internal Market  
Justice, freedom and security  

Public Health  

Regional Policy  
Research and Innovation  

Space 

Taxation  
Transport 

 

 

 

 

 

 

 

 

 

 

 

http://europa.eu/pol/agr/index_en.htm
http://europa.eu/pol/av/index_en.htm
http://europa.eu/pol/financ/index_en.htm
http://europa.eu/pol/comp/index_en.htm
http://europa.eu/pol/cons/index_en.htm
http://europa.eu/pol/cult/index_en.htm
http://europa.eu/pol/cust/index_en.htm
http://europa.eu/pol/dev/index_en.htm
http://europa.eu/pol/emu/index_en.htm
http://europa.eu/pol/emu/index_en.htm
http://europa.eu/pol/educ/index_en.htm
http://europa.eu/pol/socio/index_en.htm
http://europa.eu/pol/ener/index_en.htm
http://europa.eu/pol/enlarg/index_en.htm
http://europa.eu/pol/enter/index_en.htm
http://europa.eu/pol/env/index_en.htm
http://europa.eu/pol/ext/index_en.htm
http://europa.eu/pol/comm/index_en.htm
http://europa.eu/pol/fish/index_en.htm
http://europa.eu/pol/food/index_en.htm
http://europa.eu/pol/cfsp/index_en.htm
http://europa.eu/pol/fraud/index_en.htm
http://europa.eu/pol/hum/index_en.htm
http://europa.eu/pol/rights/index_en.htm
http://europa.eu/pol/infso/index_en.htm
http://europa.eu/pol/inst/index_en.htm
http://europa.eu/pol/singl/index_en.htm
http://europa.eu/pol/justice/index_en.htm
http://europa.eu/pol/health/index_en.htm
http://europa.eu/pol/reg/index_en.htm
http://europa.eu/pol/rd/index_en.htm
http://europa.eu/pol/tax/index_en.htm
http://europa.eu/pol/trans/index_en.htm
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13c   If Yes, at which level? 

   Local / regional levels 

   National level 

   European level 

   International level 

H Use and dissemination  

14.    How many Articles were published/accepted for publication in 

peer-reviewed journals?  

62 

To how many of these is open access11 provided? 9 

       How many of these are published in open access journals? 8 

       How many of these are published in open repositories?  

To how many of these is open access not provided? 53 

       Please check all applicable reasons for not providing open access:  

        publisher's licensing agreement would not permit publishing in a repository 

        no suitable repository available 

        no suitable open access journal available 

        no funds available to publish in an open access journal 

        lack of time and resources 

        lack of information on open access 

        other12: …………… 

 

15. How many new patent applications (‘priority filings’) have been made?  
("Technologically unique": multiple applications for the same invention in different 

jurisdictions should be counted as just one application of grant). 

 

16. Indicate how many of the following Intellectual 

Property Rights were applied for (give number in 

each box).   

Trademark 0 

Registered design  0 

Other 1 patent 

17.    How many spin-off companies were created / are planned as a direct 

result of the project?  

1 

Indicate the approximate number of additional jobs in these companies:  

18.   Please indicate whether your project has a potential impact on employment, in comparison 

with the situation before your project:  
  Increase in employment, or  In small & medium-sized enterprises 

  Safeguard employment, or   In large companies 

  Decrease in employment,   None of the above / not relevant to the project 

  Difficult to estimate / not possible to quantify    

19.   For your project partnership please estimate the employment effect 

resulting directly from your participation in Full Time Equivalent (FTE = 

one person working fulltime for a year) jobs: 

 

 

 

Difficult to estimate / not possible to quantify 

Indicate figure: 
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I Media and Communication to the general public  

20. As part of the project, were any of the beneficiaries professionals in communication or 

media relations? 

   Yes  No 

21. As part of the project, have any beneficiaries received professional media / communication 

training / advice to improve communication with the general public? 

   Yes  No 

22 Which of the following have been used to communicate information about your project to 

the general public, or have resulted from your project?  

  Press Release  Coverage in specialist press 

  Media briefing  Coverage in general (non-specialist) press  

  TV coverage / report  Coverage in national press  

  Radio coverage / report  Coverage in international press 

  Brochures /posters / flyers   Website for the general public / internet 

  DVD /Film /Multimedia  Event targeting general public (festival, conference, 

exhibition, science café) 

23 In which languages are the information products for the general public produced?  

  Language of the coordinator  English 

  Other language(s)   

 
 

 

Question F-10: Classification of Scientific Disciplines according to the Frascati Manual 2002 (Proposed 

Standard Practice for Surveys on Research and Experimental Development, OECD 2002): 

 

FIELDS OF SCIENCE AND TECHNOLOGY 

 
1. NATURAL SCIENCES 

1.1  Mathematics and computer sciences [mathematics and other allied fields: computer sciences and other 

allied subjects (software development only; hardware development should be classified in the 

engineering fields)] 

1.2 Physical sciences (astronomy and space sciences, physics and other allied subjects)  

1.3 Chemical sciences (chemistry, other allied subjects) 

1.4  Earth and related environmental sciences (geology, geophysics, mineralogy, physical geography and 

other geosciences, meteorology and other atmospheric sciences including climatic research, 

oceanography, vulcanology, palaeoecology, other allied sciences) 

1.5 Biological sciences (biology, botany, bacteriology, microbiology, zoology, entomology, genetics, 

biochemistry, biophysics, other allied sciences, excluding clinical and veterinary sciences) 

 

2 ENGINEERING AND TECHNOLOGY 

2.1 Civil engineering (architecture engineering, building science and engineering, construction engineering, 

municipal and structural engineering and other allied subjects) 

2.2 Electrical engineering, electronics [electrical engineering, electronics, communication engineering and 

systems, computer engineering (hardware only) and other allied subjects] 

2.3. Other engineering sciences (such as chemical, aeronautical and space, mechanical, metallurgical and 

materials engineering, and their specialised subdivisions; forest products; applied sciences such as 

geodesy, industrial chemistry, etc.; the science and technology of food production; specialised 

                                                           
11 Open Access is defined as free of charge access for anyone via Internet. 
12 For instance: classification for security project. 
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technologies of interdisciplinary fields, e.g. systems analysis, metallurgy, mining, textile technology 

and other applied subjects) 

 

3. MEDICAL SCIENCES 

3.1  Basic medicine (anatomy, cytology, physiology, genetics, pharmacy, pharmacology, toxicology, 

immunology and immunohaematology, clinical chemistry, clinical microbiology, pathology) 

3.2 Clinical medicine (anaesthesiology, paediatrics, obstetrics and gynaecology, internal medicine, surgery, 

dentistry, neurology, psychiatry, radiology, therapeutics, otorhinolaryngology, ophthalmology) 

3.3 Health sciences (public health services, social medicine, hygiene, nursing, epidemiology) 

 

4. AGRICULTURAL SCIENCES 

4.1 Agriculture, forestry, fisheries and allied sciences (agronomy, animal husbandry, fisheries, forestry, 

horticulture, other allied subjects) 

4.2 Veterinary medicine 

 

5. SOCIAL SCIENCES 

5.1 Psychology 

5.2 Economics 

5.3 Educational sciences (education and training and other allied subjects) 

5.4 Other social sciences [anthropology (social and cultural) and ethnology, demography, geography 

(human, economic and social), town and country planning, management, law, linguistics, political 

sciences, sociology, organisation and methods, miscellaneous social sciences and interdisciplinary , 

methodological and historical S1T activities relating to subjects in this group. Physical anthropology, 

physical geography and psychophysiology should normally be classified with the natural sciences]. 

 

6. HUMANITIES 

6.1 History (history, prehistory and history, together with auxiliary historical disciplines such as 

archaeology, numismatics, palaeography, genealogy, etc.) 

6.2 Languages and literature (ancient and modern) 

6.3 Other humanities [philosophy (including the history of science and technology) arts, history of art, art 

criticism, painting, sculpture, musicology, dramatic art excluding artistic "research" of any kind, 

religion, theology, other fields and subjects pertaining to the humanities, methodological, historical and 

other S1T activities relating to the subjects in this group]  
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2. FINAL REPORT ON THE DISTRIBUTION OF THE 

EUROPEAN UNION FINANCIAL CONTRIBUTION 
 

 
This report shall be submitted to the Commission within 30 days after receipt of the final 

payment of the European Union financial contribution. 
 

 

Report on the distribution of the European Union financial contribution 

between beneficiaries 

 
 

Name of beneficiary Final amount of EU contribution per 

beneficiary in Euros 

1.  

2.  

  

n  

  

Total    

 


